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(57) The present invention relates to a silsesquiox- 
ane derivative and a production process for the same. 
Commercially available silsesquioxane derivatives 
have only several kinds of fundamental skeletons and 
have had various problems resulting from an inferior 
compatibility with resins. 

The present inventors have obtained a PSQ deriv- 
ative of a completely condensed type into which a func- 
tional group is readily introduced by using a novel PSQ 
derivative of an incompletely condensed type in which 
four alkaline metal atoms are bonded to silsesquioxane 
of a cage type having eight Si's. The problems described 
above have been solved by this. 

The above silsesquioxane derivative is represented 
by Formula (1). A silsesquioxane derivative to which al- 
kaline metal atoms are bonded is represented by For- 
mula (2). In Formula (1) and Formula (2), R is a group 
selected from alky I, aryl and aryialkyl; Y is a group rep- 
resented by Formula (a) or Formula (b); and M is a 
monovalent alkaline metal atom. X in Formula (a) and 



Formula (b) is hydrogen, halogen, a hydroxyl group or 
a monovalent organic group, and 2 is -0-,-CH 2 - 0 r a sin- 
gle bond. The preferred organic group is a functional 
group or a group having a functional group. 
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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to a silsesquioxane derivative used as an electronic material, an optical material, 
an electronic-optical material or a catalyst carrier and a production process for the same. This silsesquioxane derivative 
can also be used as an additive for enhancing flame retardancy, heat resistance, weatherability, an electrical insulating 
property, a surface characteristic, hardness, a dynamic strength and a chemical resistance of a polymer material. In 
the present invention, silsesquioxane is used as a general term of a compound obtained by hydrolyzing and condensing 

10 a trifunctional hydrolyzable silicon compound. In the following explanations, silsesquioxane shall be shown by a code 
PSQ. 

BACKGROUND OF THE INVENTION 

15 [0002] PSQ has so far been researched in many cases. For example, the general remark of PSQ written by Baney 
et al. is described in Chem. Rev. 1995, 95, 1409. According to this, confirmed to be present is PSQ having a structure 
such as an amorphous structure showing no fixed structure in addition to a ladder structure, a completely condensed 
structure and an incompletely condensed structure. The completely condensed structure comprises plural cyclic struc- 
tures, and is a structure forming a closed space. And the form of the closed space is not restricted. The incompletely 

20 condensed structure shows a structure in which at least one portion in the completely condensed structure is not shut 
and in which a space is not closed. 

[0003] Feher et al. obtained PSQ of an incompletely condensed structure by hydrolyzing cyclopentyltrichlorosilane 
or cyclohexyltrichlorosilane in acetone (Organometallics, 1991, 10, 2556). Shchegolikhina et al. synthesized PSQ of 
a cyclic tetramer in which a terminal was turned into Si-O-Na by hydrolyzing phenyltributoxysilane in butanol using an 
25 equivalent mole of sodium hydroxide and an equivalent mole of water. Further, they synthesized PSQ of a cyclic te- 
tramer in which a terminal was turned into Si-O-Na by reacting phenyltrichlorosilane-hydrolyzed product with an equiv- 
alent mole of sodium hydroxide in butanol (Organometallics, 2000, 19, 1077). 

[0004] However, reported have been no examples in which PSQ having a completely condensed structure or an 
incompletely condensed structure is synthesized using the method of Shchegolikhina etal. Further, among PSQ having 

30 a completely condensed structure or an incompletely condensed structure, the kind of the compounds which are readily 
synthesized and isolated is restricted. Among them, the number of the commercially available compounds is further 
restricted. In recent years, PSQ derivatives obtained by introducing various functional groups into PSQ having a com- 
pletely condensed structure or an incompletely condensed structure are commercially available from Hybrid Plastic 
Co., Ltd., and many uses are proposed. 

35 [0005] However, the commercially available PSQ derivatives have only several kinds of fundamental skeletons in- 
cluding the skeletons having an organic silicon group of a bonding state other than SiO^. Accordingly, that PSQ 
derivatives having a novel skeleton are provided is desirable in order to effectively make the best use of a PSQ derivative 
having a completely condensed structure or an incompletely condensed structure in wide uses. It is important as well 
that they can be produced at a lower cost for further shorter time as compared with in the past. Further, the existing 

40 PSQ derivatives have had the problems that they have an inferior compatibility with resins and therefore can not uni- 
formly be mixed and that they are whitened when forming a coating film or bled out from a coating film, so that the 
addition amount is restricted. Accordingly, some of them could not sufficiently provide characteristics expected to PSQ. 
Hence, it is desirable for expanding the uses of PSQ, to provide a PSQ derivative which is improved in a compatibility 
with resins. The subject of the present invention is to solve the above problems on conventional silsesquioxanes by 

45 providing a novel PSQ derivative and a process for producing the same at a lower cost for shorter time. 

DISCLOSURE OF THE INVENTION 

[0006] The present inventors have found a novel PSQ derivative of an incompletely condensed type in which Na is 
so bonded to PSQ of a cage type having eight Si atoms and a process for readily synthesizing the same by researching 
a hydrofytic method for a trifunctional hydrolyzable silicon compound. Also, they have obtained a PSQ derivative into 
which a functional group and the like can readily be introduced by using the above PSQ derivative as a starting raw 
material. Further, they have found that if a functional polymerizable group is introduced into the PSQ derivative, an 
oligomer or a polymer having the above PSQ derivative as a structural unit can be synthesized. That is, the present 
55 invention is composed of the following items [1] to [39]. 

[1] A silsesquioxane derivative represented by Formula (1): 
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/T 3 / Si ^O 

R O 1 O 

\ / O / jx 

^Si — O — Si 

*s wherein each R in Formula (1) is a group independently selected from hydrogen, the group of atkyls having 1 to 

45 carbon atoms, the group of substituted or non-substituted aryls and the group of substituted or non-substituted 
arylalkyls; Y is a group represented by Formula (a) or Formula (b); in the alky! having 1 to 45 carbon atoms, optional 
hydrogen may be replaced by fluorine, and optional -CH 2 - may be replaced by -O-, -CH=CH-, cycloalkylene or 
cycloalkenylene; in alkylene of the substituted or non-substituted arylalkyl, optional hydrogen may be replaced by 

20 fluorine, and optional -CH 2 - may be replaced by -O-, -CH=CH- or cycloalkylene: 



X x 



(a) 



X 

I 

X— Si— 
I 

Z (b) 

X— Si— 
I 

X 



wherein X's in Formula (a) and Formula (b) each are independently hydrogen, halogen, a hydroxyl group or a 
monovalent organic group; and Z is -O-, -CH 2 - or a single bond. 

[2] The silsesquioxane derivative as described in the item [1], wherein at least one X in each of Formula (a) and 
Formula (b) is a group defined in the same manner as R. 

45 [3] The silsesquioxane derivative as described in the item [1 ], wherein each R in Formula (1 ) is a group independ- 

ently selected from the group of alkyls having 1 to 30 carbon atoms, and hydrogen; in the alkyl having 1 to 30 
carbon atoms, optional hydrogen may be replaced by fluorine, and optional -CH 2 - may be replaced by -O- or 
cycloalkylene; at least one X in each of Formula (a) and Formula (b) is a group selected from the group of alkyls 
having 1 to 45 carbon atoms, the group of substituted or non -substituted phenyls, and naphthyl; in the alkyl having 

so 1 to 45 carbon atoms, optional hydrogen may be replaced by fluorine, and optional -CH 2 - may be replaced by -0-, 

-CH=CH-, cycloalkylene or cycloalkenylene; in the substituted or non-substituted phenyl, optional hydrogen on the 
benzene ring may be replaced by halogen or alkyl having 1 to 1 8 carbon atoms; in the above alkyl having 1 to 1 8 
carbon atoms, optional hydrogen may be replaced by fluorine, and optional -CH 2 - may be replaced by -0-, -CH=CH- 
or phenylene; and, when the phenyl has plural substituents, the substituents may be the same group or different 

55 groups. 

[4] The silsesquioxane derivative as described in the item [1], wherein each R in Formula (1) is a group independ- 
ently selected from the group of alkenyls having 1 to 20 carbon atoms and the group of groups in which optional 
-CH 2 - in alkyl having 1 to 20 carbon atoms is replaced by cycloalkenylene; in the alkenyl having 1 to 20 carbon 
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atoms, optional hydrogen may be replaced by fluorine, and optional -CH 2 - may be replaced by -O- orcycloalkylene; 
in the group in which optional -CH 2 - in alkyl having 1 to 20 carbon atoms is replaced by cycloalkylene, optional 
hydrogen may be replaced by fluorine; and at least one X in each of Formula (a) and Formula (b) is a group defined 
in the same manner as X described in the item [3]. 

5 [5] The silsesquioxane derivative as described in the item [1 ], wherein each R in Formula (1 ) is a group independ- 

ently selected from the group of substituted or non-substituted phenyls and naphthyl; in the substituted or non- 
substituted phenyl, optional hydrogen on the benzene ring may be replaced by halogen or alkyl having 1 to 10 
carbon atoms; in the above alkyl having 1 to 10 carbon atoms, optional hydrogen may be replaced by fluorine, 
and optional -CH 2 - may be replaced by -O-, -CH=CH-, cycloalkylene or phenylene; when the phenyl has plural 

10 substituents, the substituents may be the same group or different groups; and at least one X in each of Formula 

(a) and Formula (b) is a group defined in the same manner as X described in the item [3]. 

[6] The silsesquioxane derivative as described in the item [1], wherein each R in Formula (1) is a group independ- 
ently selected from the group of substituted or non-substituted phenylalkyls; in phenyl of the substituted or non- 
substituted phenylalkyl, optional hydrogen on the benzene ring may be replaced by halogen or alkyl having 1 to 

15 12 carbon atoms; in the above alkyl having 1 to 1 2 carbon atoms, optional hydrogen may be replaced by fluorine, 

and optional -CH 2 - may be replaced by -O-, -CH=CH-, cycloalkylene or phenylene; in alkylene of the substituted 
or non-substituted phenylalkyl, the number of carbon atoms is 1 to 12, optional hydrogen may be replaced by 
fluorine, and optional -CH 2 - may be replaced by -O- or cycloalkylene; when the phenyl has plural substituents, the 
substituents may be the same group or different groups; and at least one X in each of Formula (a) and Formula 

20 (b) is a group defined in the same manner as X described in the item [3]. 

[7] The silsesquioxane derivative as described in the item [1], wherein each R in Formula (1) is a group independ- 
ently selected from the group of substituted or non-substituted phenylalkenyls; in phenyl of the substituted or non- 
substituted phenylalkenyl, optional hydrogen on the benzene ring may be replaced by halogen or alkyl having 1 
to 1 2 carbon atoms; in the above alkyl having 1 to 1 2 carbon atoms, optional hydrogen may be replaced by fluorine, 

25 and optional -CH 2 - may be replaced by -O-, -CH=CH-, cycloalkylene or phenylene; in alkenylene of the substituted 

or non-substituted phenylalkenyl the number of carbon atoms is 1 to 12, optional hydrogen may be replaced by 
fluorine, and optional -CH 2 - may be replaced by -O- or cycloalkylene; when the phenyl has plural substituents, the 
substituents may be the same group or different groups; and at least one X in each of Formula (a) and Formula 

(b) is a group defined in the same manner as X described in the item [3]. 

30 [8] The silsesquioxane derivative as described in the item [1 ], wherein each R in Formula (1 ) is a group independ- 

ently selected from the group of alkyls having 1 to 8 carbon atoms, the group of substituted or non-substituted 
phenyls, the group of substituted or non-substituted phenylalkyls, and naphthyl; in the alkyl having 1 to 8 carbon 
atoms, optional hydrogen may be replaced by fluorine, and optional -CH 2 - may be replaced by -O-, -CH=CH-, 
cycloalkylene or cycloalkenylene; in the substituted or non-substituted phenyl, optional hydrogen on the benzene 

35 ring may be replaced by halogen, methyl or methoxy; in phenyl of the substituted or non-substituted phenylalkyl, 

optional hydrogen on the benzene ring may be replaced by fluorine, alkyl having 1 to 4 carbon atoms, ethenyl or 
methoxy; in alkylene of the substituted or no n -substituted phenylalkyl, the number of carbon atoms is 1 to 8, and 
optional -CH 2 - may be replaced by -O-, -CH=CH- orcycloalkylene; when the phenyl has plural substituents, the 
substituents may be the same group or different groups; and at least one X in each of Formula (a) and Formula 

40 (b) is a group defined in the same manner as X described in the item [3]. 

[9] The silsesquioxane derivative as described in the item [1 ), wherein all of R's in Formula (1 ) are the same group 
selected from the group of alkyls having 1 to 8 carbon atoms, the group of substituted or non-substituted phenyls, 
the group of substituted or non-substituted phenylalkyls, and naphthyl; in the alkyl having 1 to 8 carbon atoms, 
optional hydrogen may be replaced by fluorine, and optional -CH 2 - may be replaced by -O-, -CH=CH-, cycloalkylene 

45 or cycloalkenylene; in the substituted or non-substituted phenyl, optional hydrogen on the benzene ring may be 

replaced by halogen, methyl or methoxy; in phenyl of the substituted or non-substituted phenylalkyl, optional hy- 
drogen on the benzene ring may be replaced by fluorine, alkyl having 1 to 4 carbon atoms, ethenyl or methoxy; in 
alkylene of the substituted or non-substituted phenylalkyl, the number of carbon atoms is 1 to 8, and optional -CH 2 - 
may be replaced by -O-, -CH=CH- or cycloalkylene; when the phenyl has plural substituents, the substituents may 

50 be the same group or different groups; and at least one X in each of Formula (a) and Formula (b) is a group defined 

in the same manner as X as described in the item [3]. 

[10] The silsesquioxane derivative as described in the item [1], wherein all of R's in Formula (1) are the same group 
selected from the group of substituted or non-substituted phenyls, the group of substituted or non-substituted 
phenylalkyls, and naphthyl; in the substituted or non-substituted phenyl, optional hydrogen on the benzene ring 
55 maybe replaced by halogen, methyl or methoxy; in phenyl of the substituted or non-substituted phenylalkyl, optional 

hydrogen on the benzene ring may be replaced by fluorine, alkyl having 1 to 4 carbon atoms, ethenyl or methoxy; 
in alkylene of the substituted or non-substituted phenylalkyl, the number of carbon atoms is 1 to 8, and optional 
-CH 2 - may be replaced by -0-, -CH=CH- or cycloalkylene; when the phenyl has plural substituents, the substituents 
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may be the same group or different groups; and at least one X in each of Formula (a) and Formula (b) is a group 
defined in the same manner as X as described in the item [3]. 

[11] The silsesquioxane derivative as described in the item [1], wherein all of R's in Formula (1 ) are non-substituted 
phenyls, and at least one X in each of Formula (a) and Formula (b) is a group defined in the same manner as X 

5 described in the item [3]. 

[12] The silsesquioxane derivative as described in the item [1], wherein each R in Formula (1) is a group inde- 
pendently selected from the group of alkyls having 1 to 45 carbon atoms, the group of substituted or non-substituted 
aryls and the group of substituted or non-substituted arylalkyls; in the alkyl having 1 to 45 carbon atoms, optional 
hydrogen may be replaced by fluorine, and optional -CH 2 - may be replaced by -O-, -CH=CH- P cycloalkylene or 

io cycloalkenylene; in alkylene of the substituted or non-substituted arylalkyl, optional hydrogen may be replaced by 

fluorine, and optional -CH 2 - may be replaced by -O-, -CH=CH- or cycloalkylene; and at least one X in each of 
Formula (a) and Formula (b) is a functional group or a group having a functional group. 

[13] The silsesquioxane derivative as described in the item [12], wherein each R in Formula (1) as described in 
the item [1] is a group independently selected from hydrogen and the group of alkyls having 1 to 30 carbon atoms; 
*s in the alkyl having 1 to 30 carbon atoms, optional hydrogen may be replaced by fluorine, and optional -CH 2 - may 

be replaced by -O- or cycloalkylene; and the functional group is a group selected from -H (bonded to Si), -F, -CI, 
-Br, -OH, -CF 3 , perfluoroalkyl, alkoxy, -COOH, 2-oxapropane-1 ,3-dioyl, polyalkyleneoxy, ester, epoxy, an oxetane 
ring, -NH 2 , -CN, -NCO, alkenyl, cycloalkenyl, -SH and -PH 2 . 

[14] The silsesquioxane derivative as described in the item [12], wherein each R in Formula (1) as described in 

20 the item [1 ] is a group independently selected from the group of alkenyls having 1 to 20 carbon atoms and the 

group of groups in which optional -CH 2 - in alkyl having 1 to 20 carbon atoms is replaced by cycloalkenylene; in 
the alkenyl having 1 to 20 carbon atoms, optional hydrogen may be replaced by fluorine, and optional -CH 2 - may 
be replaced by -O- or cycloalkylene; in the group in which optional -CH 2 - in alkyl having 1 to 20 carbon atoms is 
replaced by cycloalkenylene, optional hydrogen may be replaced by fluorine; and the functional group is a group 

25 defined in the same manner as the functional group as described in the item [13]. 

[15] The silsesquioxane derivative as described in the item [12], wherein each R in Formula (1) as described in 
the item [1 ] is a group independently selected from the group of substituted or non-substituted phenyls and naph- 
thyl; in the substituted or non-substituted phenyl, optional hydrogen on the benzene ring may be replaced by 
halogen or alkyl having 1 to 10 carbon atoms; in the above alkyl having 1 to 10 carbon atoms, optional hydrogen 

30 may be replaced by fluorine, and optional -CH 2 - may be replaced by -O-, -CH=CH- t cycloalkylene or phenylene; 

when the phenyl has plural substituents, the substituents may be the same group or different groups; and the 
functional group is a group defined in the same manner as the functional group as described in the item [13]. 
[16] The silsesquioxane derivative as described in the item [12], wherein each R in Formula (1) as described in 
the item [1] is a group independently selected from the group of substituted or non-substituted phenylalkyls; in 

35 phenyl of the substituted or non-substituted phenylalkyl, optional hydrogen on the benzene ring may be replaced 

by halogen or alkyl having 1 to 1 2 carbon atoms; in the above alkyl having 1 to 12 carbon atoms, optional hydrogen 
may be replaced by fluorine, and optional -CH 2 - may be replaced by -O-, -CH=CH-, cycloalkylene or phenylene; 
in alkylene of the substituted or non-substituted phenylalkylthe number of carbon atoms is 1 to 12, optional hydro- 
gen may be replaced by fluorine, and optional -CH 2 - may be replaced by -O- or cycloalkylene; when the phenyl 

40 has plural substituents, the substituents may be the same group or different groups; and the functional group is a 

group defined in the same manner as the functional group as described in the item [13]. 

[17] The silsesquioxane derivative as described in the item [12], wherein each R in Formula (1) described in the 
item [1] is a group independently selected from the group of substituted or non-substituted phenylalkenyls; in 
phenyl of the substituted or non-substituted phenylalkenyl, optional hydrogen on the benzene ring may be replaced 

45 by halogen or alkyl having 1 to 12 carbon atoms; in the above alkyl having 1 to 12 carbon atoms, optional hydrogen 

may be replaced by fluorine, and optional -CH 2 - may be replaced by -O-, -CH=CH-, cycloalkylene or phenylene; 
in alkenylene of the substituted or non-substituted phenylalkenyl, the number of carbon atoms is 1 to 12, optional 
hydrogen may be replaced by fluorine, and optional -CH 2 - may be replaced by -O- or cycloalkylene; when the 
phenyl has plural substituents, the substituents may be the same group or different groups; and the functional 

50 group is a group defined in the same manner as the functional group as described in the item [13]. 

[18] The silsesquioxane derivative as described in the item [12], wherein each R in Formula (1) as described in 
the item [1] is a group independently selected from the group of alkyls having 1 to 8 carbon atoms, the group of 
substituted or non-substituted phenyls, the group of substituted or non -substituted phenylalkyls, and naphthyl; in 
the alkyl having 1 to 8 carbon atoms, optional hydrogen may be replaced by fluorine, and optional -CH 2 - may be 

55 replaced by -0-, -CH=CH-, cycloalkylene or cycloalkenylene; in the substituted or non-substituted phenyl, optional 

hydrogen on the benzene ring may be replaced by halogen, methyl or methoxy; in phenyl of the substituted or 
non -substituted phenylalkyl, optional hydrogen on the benzene ring may be replaced by fluorine, alkyl having 1 to 
4 carbon atoms, ethenyl or methoxy; in alkylene of the substituted or non-substituted phenylalkyl, the number of 
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carbon atoms is 1 to 8, and optional -CH 2 - may be replaced by -O-, -CH=CH- or cycloalkylene; when the phenyl 
has plural substituents, the substituents may be the same group or different groups; and the functional group is a 
group defined in the same manner as the functional group as described in the item [13]. 

[19] The silsesquioxane derivative as described in the item [12], wherein all of R's in Formula (1) as described in 
the item [1 ] are the same group selected from the group of alkyls having 1 to 8 carbon atoms, the group of substituted 
or non-substituted phenyls, the group of substituted or non-substituted phenylalkyls, and naphthyl; in the alkyl 
having 1 to 8 carbon atoms, optional hydrogen may be replaced by fluorine, and optional -CH 2 - may be replaced 
by -O-, -CH=CH-, cycloalkylene orcycloalkenylene; in the substituted or non-substituted phenyl, optional hydrogen 
on the benzene ring may be replaced by halogen, methyl or methoxy; in phenyl of the substituted or non-substituted 
phenylaikyl, optional hydrogen on the benzene ring may be replaced by fluorine, alkyl having 1 to 4 carbon atoms, 
ethenyl or methoxy; in atkylene of the substituted or non-substituted phenylaikyl, the number of carbon atoms is 
1 to 8, and optional -CH 2 - may be replaced by -O-, -CH=CH- or cycloalkylene; when the phenyl has plural substit- 
uents, the substituents may be the same group or different groups; and the functional group is a group defined in 
the same manner as the functional group as described in the item [13]. 

[20] The silsesquioxane derivative as described in the item [12], wherein all of R's in Formula (1) described in the 
item [1] are the same group selected from the group of substituted or non-substituted phenyls, the group of sub- 
stituted or non-substituted phenylalkyls, and naphthyl; in the substituted or non-substituted phenyl, optional hy- 
drogen on the benzene ring may be replaced by halogen, methyl or methoxy; in phenyl of the substituted or non- 
substituted phenylaikyl, optional hydrogen on the benzene ring may be replaced by fluorine, alkyl having 1 to 4 
carbon atoms, ethenyl or methoxy; in alkylene of the substituted or non-substituted phenylaikyl, the number of 
carbon atoms is 1 to 8, and optional -CH 2 - may be replaced by -O-, -CH=CH- or cycloalkylene; when the phenyl 
has plural substituents, the substituents may be the same group or different groups; and the functional group is a 
group defined in the same manner as the functional group as described in the item [1 3]. 

[21] The silsesquioxane derivative as described in the item [12], wherein all of R's in Formula (1) as described in 
the item [1] are non-substituted phenyls, and the functional group is a group defined in the same manner as the 
functional group as described in the item [13]. 

[22] The silsesquioxane derivative as described in any item of [1] to [21], wherein at least one X in each of Formula 
(a) and Formula (b) as described in the item [1] is a polymerizable group. 

[23] The silsesquioxane derivative as described in the item [22], wherein the polymerizable group is a polymerizable 
double bond, epoxy or a group having an oxetane ring. 

[24] The silsesquioxane derivative as described in any item of [1 2] to [21 ], wherein at least one X in each of Formula 
(a) and Formula (b) as described in the item [1] is a group having 2-oxapropane-1 ,3-dioyl. 
[25] The silsesquioxane derivative as described in any item of [1] to [21], wherein at least one X in each of Formula 
(a) and Formula (b) as described in the item [1] is alkyl halide. 

[26] A polymer obtained using the silsesquioxane derivative as described in the item [22]. 

[27] A polymer obtained using the silsesquioxane derivative as described in the item [23]. 

[28] A polymer obtained using the silsesquioxane derivative as described in the item [24]. 

[29] A production process for the silsesquioxane derivative as described in the item [1], characterized by reacting 

a silsesquioxane derivative represented by Formula (2) with a silicon compound having at least two chlorines: 



wherein in Formula (2), R is the same as R in Formula (1) as described in the item [1], and M is a monovalent 
alkaline metal atom. 

[30] The production process as described in the item [29], wherein the silicon compound having at least two chlo- 
rines is a compound represented by Formula (3): 



^Si— O-i-Si — R 





(2) 
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X 1 
I 



(d — Si— z) — Si— Cl,~ > 



(3) 



10 



15 



wherein in Formula (3), n is 0 or 1 ; Z is -O-, -CH 2 - or a single bond; each X 1 is a group independently selected 
from hydrogen, halogen, the group of alkyls having 1 to 45 carbon atoms, the group of substituted or non-substituted 
aryls and the group of substituted or non-substituted arylalkyls; in the alkyl having 1 to 45 carbon atoms, optional 
hydrogen may be replaced by fluorine, and optional -CH 2 - may be replaced by -O-, -CH=CH-, cycloalkylene or 
cycloalkenylene; in alkylene of the substituted or non-substituted arylalkyl, optional hydrogen may be replaced by 
fluorine, and optional -CH 2 - may be replaced by -0-, -CH=CH- or cycloalkylene. 

[31] The production process as described in the item [29], wherein the silicon compound having at least two chlo- 
rines is a compound represented by Formula (4): 



20 



CI 

X 1 — Si— CI 
CI 



(4) 



25 



wherein X 1 in Formula (4) is defined in the same manner as X 1 in Formula (3) as described in the item [30]. 
[32] The production process as described in the item [29], wherein the silicon compound having at least two chlo- 
rines is a compound represented by Formula (5): 



30 



35 



CI 

X 1 — Si— Z- 
I 

CI 



CI 

-Si— X 1 
I 

CI 



(5) 



40 



wherein Z and X 1 in Formula (5) are defined in the same manner as Z and X 1 in Formula (3) as described in the 
item [30]. 

[33] A silsesquioxane derivative represented by Formula (2): 



45 



50 



55 



R R 

X Si — O— Si 

\ XA / ° 

^Si — O-j-Si — R o 

^Si — O — Si 
R 



R 
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wherein in Formula (2), R is the same as R in Formula (1) as described in the item [1], and M is a monovalent 
alkaline metal atom. 

[34] The silsesquioxane derivative as described in the item [33], wherein R is defined in the same manner as R 
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as described in any of the items [2] to [11]. 

[35] A production process for the silsesquioxane derivative as described in the item [33], characterized by using 
a silicon compound represented by Formula (6): 



wherein in Formula (6), R is the same as R in Formula (2) as described in the item [33], and A is a hydrolyzable 
group. 

[36] The production process as described in the item [35], wherein a monovalent alkaline metal hydroxide and 
water are used to hydrolyze and condense the silicon compound represented by Formula (6). 
[37] The production process as described in the item [36], wherein the monovalent alkaline metal hydroxide is 
sodium hydroxide or potassium hydroxide, and alcohols in addition to the alkaline metal hydroxide and water are 
allowed to be present. 

[38] The production process as described in any of the items [35] to [37], wherein A in Formula (6) as described 
in the item [35] is chlorine or alkyloxy having 1 to 4 carbon atoms. 

[39] The production process as described in the item [35], wherein R in Formula (6) is defined in the same manner 
as R described in any of the items [2] to [11]. 

[0007] The terms used in the present invention are defined as follows. Each of alkyl and alkylene may be a linear 
group or a branched group. This shall apply as well to a case in which optional hydrogen is replaced by halogen or a 
cyclic group and a case in which optional -CH 2 - is replaced by -O-, -CH=CH-, cycloalkylene, cycloalkenylene orphe- 
nylene. The term "optional" used in the present invention shows that not only a position but also a number is optional. 
When the number is plural, they may be replaced by different groups respectively. For example, when two -CH 2 - in 
alkyl are replaced by -O- and -CH=CH-, it shows alkoxyalkenyl or alkenyloxyalkyl. In this case, all groups of alkoxy, 
alkenylene, alkenyl and alkylene may be linear groups or branched groups. However, when it is described that optional 
-CH 2 - is replaced by -O-, plural continuous -CH 2 - are not replaced by -O-. Halogen is fluorine, chlorine and bromine 
unless otherwise described, and preferred halogen is fluorine and chlorine. 

[0008] In the following explanations, the PSQ derivative represented by Formula (1 ) shall be shown by PSQ (1). The 
PSQ derivative represented by Formula (2) shall be shown by PSQ (2). The compound represented by Formula (3), 
the compound represented by Formula (4), the compound represented by Formula (5) and the compound represented 
by Formula (6) shall be shown by the compound (3), the compound (4), the compound (5) and the compound (6), 
respectively. Further, tetrachlorosilane, the compound (3), the compound (4) and the compound (5) shall be shown by 
a general term of the chlorinated silicon compound. 

[0009] The PSQ derivative of the present invention is represented by Formula (1): 



[0010] In Formula (1), R is a group independently selected from hydrogen, the group of alkyls having 1 to 45 carbon 
atoms, the group of substituted or non-substituted aryls and the group of substituted or non-substituted arylalkyls. All 
of R's are preferably the same group, but eight R*s may be constituted by different groups. The examples of a case in 
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which eight R's are constituted by different groups are a case in which they are constituted by two or more alkyls, a 
case in which they are constituted by two or more aryls, a case in which they are constituted by two or more aralkyls, 
a case in which they are constituted by hydrogen and at least one aryl, a case in which they are constituted by at least 
one alkyl and at least one aryl, a case in which they are constituted by at least one alkyl and at least one aralkyl, and 
a case in which they are constituted by at least one aryl and at least one aralkyl. They may be combinations other than 
the above examples. The compound (1) having at least two different R's can be obtained by using two or more com- 
pounds (6) when producing the compound (2). The compound (2) shall be described later. 

[001 1 ] When R is alkyl, the number of carbon atoms is 1 to 45. The preferred carbon number is 1 to 30. More preferred 
carbon number is 1 to 8. Optional hydrogen thereof may be replaced by fluorine, and optional -CH 2 - thereof may be 
replaced by -O-, -CH=CH-, cycloalkylene or cycloalkenylene. The preferred examples of the alkyl are non -substituted 
alkyl having 1 to 30 carbon atoms, alkoxyalkyl having 2 to 29 carbon atoms, a group in which one -CH 2 - in alkyl having 
1 to B carbon atoms is replaced by cycloalkylene, alkenyl having 2 to 20 carbon atoms, alkenyloxy alkyl having 2 to 20 
carbon atoms, alkyloxyalkenyl having 2 to 20 carbon atoms, a group in which one -CH 2 - in alkyl having 1 to 8 carbon 
atoms is replaced by cycloalkenylene, and groups in which optional hydrogens in the respective groups given above 
are replaced by fluorine. Cycloalkylene and cycloalkenylene have a preferred carbon number of 3 to 8. 
[0012] The examples of the non-substituted alkyl having 1 to 30 carbon atoms are methyl, ethyl, propyl, 1 -methylethyl, 
butyl, 2-methylpropyl, 1 ,1-dimethylethyl, pentyl, hexyl, 1,1 ,2-trimethylpropyl, heptyl, octyl, 2,4,4-trimethylpentyl, nonyl, 
decyl, undecyl, dodecyl, tetradecyl, hexadecyl, octadecyl, eicosyl, docosyl and triacontyl. The examples of the fluori- 
nated alkyl having 1 to 30 carbon atoms are 3,3,3-trifluoropropyl, 3,3,4,4,5,5,6,6, 6-nonadecafluorohexyl,tridecafluoro- 
1 ,1 ,2,2-tetrahydrooctyl, heptadecafluoro-1 ,1 ,2,2-tetrahydrodecyl, perfluoro-1 H,1 H,2H,2H-dodecyl and perfluoro-1 H, 
1 H,2H, 2 H -tetradecyl. The examples of the alkoxyalkyl having a carbon number of 2 to 29 are 3-methoxypropyl, meth- 
oxyethoxyundecyl and 3-heptafluoroisopropoxypropyl. The examples of the group in which one -CH 2 - in alkyl having 
1 to 8 carbon atoms is replaced by cycloalkylene are cyclohexylmethyl, adamantaneethyl, cyclopentyl, cyclohexyl, 

2- bicyclo heptyl and cyclooctyl. Cyclohexyl is an example in which -CH 2 - in methyl is replaced by cyclohexylene. Cy- 
clohexylmethyl is an example in which -CH 2 - in ethyl is replaced by cyclohexylene. 

[0013] The examples of the alkenyl having 2 to 20 carbon atoms are ethenyl, 2-propenyl, 3-butenyl, 5-hexenyl, 7-oc- 
tenyl, 10-undecenyl and 21-docosenyl. The examples of the alkenyloxyalkyl having 2 to 20 carbon atoms are allylox- 
yundecyl. The examples of the group in which one -CH 2 - in alkyl having 1 to 8 carbon atoms is replaced by cycloalke- 
nylene are 2-(3-cyclohexenyl)ethyl, 5-(bicycloheptenyl)ethyl, 2-cyclopentenyl, 3-cyclohexenyl, 5-norbornene-2-yl and 
4-cyclooctenyl. 

[0014] The examples of a case, in which R in Formula (1 ) is substituted or non -substituted aryl, are phenyl in which 
optional hydrogen may be replaced by halogen or alkyl having 1 to 10 carbon atoms, and non -substituted naphthyl. 
The preferred examples of halogen are fluorine, chlorine and bromine. In the alkyl having 1 to 1 0 carbon atoms, optional 
hydrogen may be replaced by fluorine, and optional -CH 2 - may be replaced by -O-, -CH=CH- or phenylene. That is, 
the preferred examples of the case, in which R is substituted or non-substituted aryl, are non-substituted phenyl, non- 
substituted naphthyl, alkylphenyl, alkyloxyphenyl, alkenylphenyl, phenyl having a substituent of a group, in which op- 
tional -CH 2 - in alkyl having 1 to 10 carbon atoms is replaced by phenylene, and groups in which optional hydrogens 
in the respective groups given above are replaced by halogen. 

[001 5] The examples of halogenated phenyl are pentafluorophenyl, 4-chrorophenyl and 4-bromophenyl. The exam- 
ples of alkylphenyl are 4-methylphenyl, 4-ethylphenyl, 4-propylphenyl, 4-butylphenyl, 4-pentylphenyl, 4-heptylphenyl, 
4-octylphenyl, 4-nonylphenyl, 4-decylphenyl, 2,4-dimethylphenyl, 2,4,6-trimethylphenyl, 2,4,6-triethylphenyl, 
4-(1-methylethyl)phenyl, 4-(1 ,1-dimethylethyl)phenyl, 4-(2-ethylhexyl)phenyl and 2,4,6-tis(1-methylethyl)phenyl. The 
examples of alkyloxyphenyl are4-methoxyphenyl, 4-ethoxyphenyl, 4-propoxyphenyl, 4-butoxyphenyl, 4-pentyloxyphe- 
nyl, 4-heptyloxyphenyl, 4-decyloxyphenyl, 4-octadecyloxyphenyl, 4-(1 -methylethoxy)phenyl, 4-(2-methylpropoxy)phe- 
nyl and 4-(1 ,1 -dimethylethoxy)phenyl. The examples of alkenylphenyl are 4-ethenylphenyl, 4-(1 -methylethenyl)phenyl 
and 4-(3-butenyl)phenyl. 

[001 6] The examples of phenyl having a substituent of a group, in which optional -CH 2 - in alkyl having 1 to 1 0 carbon 
atoms is replaced by phenylene, are 4-(2-phenylethenyl)phenyl, 4-phenyloxyphenyl, 3-phenylmethylphenyl, biphenyl 
and terphenyl. 4-(2-Phenylethenyl)phenyl is an example in which one -CH 2 - in ethyl of ethylphenyl is replaced by 
phenylene and in which one more -CH 2 - is replaced by -CH=CH-. 

[0017] The examples of phenyl, in which a part of hydrogens on the benzene ring is replaced by halogen and the 
other hydrogens are replaced by alkyl, alkyloxy or alkenyl, are 3-chloro-4-methylphenyl, 2,5-dicholoro-4-methylphenyl, 
3,5-dichloro-4-methylphenyl,2,3,5-trichloro-4-m 

2,5-dibromo-4-methylphenyl, 3,5-dibromo-4-methylphenyl, 2-3-difluoro-4-methylphenyl, 3-chloro-4-methoxyphenyl, 

3- bromo-4-methoxyphenyl, 3,5-dibromo-4-methoxyphenyl, 2,3-difluoro-4-methoxyphenyl, 2,3-difluoro-4-ethoxyphe- 
nyl, 2,3-drfluoro-4-propoxyphenyl and 4-ethenyl-2,3,5,6-tetrafluorophenyl. 

[0018] Next, a case in which R in Formula (1) is substituted or non-substituted arylalkyl shall be given. In alkylene 
in the arylalkyl, optional hydrogen may be replaced by fluorine, and optional -CH 2 - may be replaced by -O-, -CH=CH- 
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or cycloalkylene. The preferred examples of the arylalkyl are phenylalkyls. In this case, the preferred carbon number 
of the alkytene is 1 to 12, and more preferred carbon number is 1 to 8. The examples of non-substituted phenylalkyl 
are phenylmethyl, 2-phenylethyl, 3-phenylpropyl, 4-phenylbutyl, 5-phenylpentyl, 6-phenylhexyl, 11-phenylundecyl, 

1- phenylethyl, 2-phenylpropyl, 1 -methyl-2-phenylethyl, 1-phenylpropyl, 3-phenylbutyl, 1-methyl-3-phenylpropyl, 

2- phenylbutyl, 2-methyl-2-phenylpropyl and 1-phenylhexyl. 

[0019] In the phenylalkyl, optional hydrogen on the benzene ring may be replaced by halogen or alkyl having 1 to 
12 carbon atoms. In the above alkyl having 1 to 12 carbon atoms, optional hydrogen may be replaced by fluorine, and 
optional -CH 2 - may be replaced by -0-, -CH=CH-, cycloalkylene or phenylene. The examples of the phenylalkyl, in 
which optional hydrogen of phenyl is replaced by fluorine, are 4-fluorophenylmethyl, 2,3,4,5,6-pentafluorophenylme- 
thyl, 2-(2 t 3,4,5,6-pentafluorophenyl)-ethyl, 3-(2,3,4,5,6-pentafluorophenyl)propyl, 2-(2-fluorophenyl)propyl and 
2-(4-fluorophenyl)propyl. 

[0020] The examples of the phenylalkyl, in which optional hydrogen on the benzene ring is replaced by chlorine, are 
4-chlorophenylmethyl, 2-chlorophenylmethyl, 2,6-dichlorophenylmethyl, 2,4-dichlorophenylmethyl, 2,3,6-trichlorophe- 
nylmethyl, 2,4,6-trichlorophenylmethyl, 2,4,5-trichlorophenylmethyl, 2,3,4,6-tetrachlorophenylmethyl, 2,3,4,5,6-pen- 
tachlorophenylmethyl,2-(2<;hlorophenyl)ethyl,2-(^^ 

enyl)ethyl, 3-(3-chlorophenyl)propyl, 3-(4-chlorophenyl)propyl, S-^AS-trichlorophenyOpropyl, 3-(2,3,6-trich!orophe- 
nyl)propyl f 4-(2-chlorophenyl)butyl, 4-(3-chlorophenyl)butyl, 4-(4-chlorophenyl)butyl, 4-(2,3,6-trichlorophenyl)butyl, 
4-(2,4,5-trichlorophenyl)butyl, 1-(3-chloropheyl) ethyl, 1-(4-chlorophenyl)ethyl, 2-(4-chlorophenyl)propyl, 2,(2-chlo- 
rophenyl)propyl and 1-(4-chlorophenyl)butyl. 

[0021 ] The examples of the phenylalkyl, in which optional hydrogen on the benzene ring is replaced by bromine, are 

2- bromophenyfmethyl, 4-bromophenylmethyl, 2,4-dibromophenylmethyl, 2,4,6-tribromophenylmethyl, 2,3,4,5-tetrab- 
romophenylmethyl, 2,3,4,5, 6-pentabromophenylmethyl, 2-(4-bromophenyl)ethyl, 3-(4-bromophenyl)propyl, 

3- (3-bromophenyl)propyl, 4-(4-bromophenyl)butyl, 1-(4-bromophenyl)ethyl, 2-(2-bromophenyl)propyl and 
2-(4-bromophenyl)propyl. 

[0022] The examples of the phenylalkyl, in which optional hydrogen on the benzene ring is replaced by alkyl having 
1 to 12 carbon atoms, are 2-methylphenylmethyl, 3-methylpheny I methyl, 4-methylphenylmethyl, 4-dodecylphenylme- 
thyl, 2,5-dimethylphenylmethyl, 2-(4-methylphenyl)ethyl, 2-(3-methylphenyl)ethyl, 2-(2,5-dimethylphenyl)ethyl, 
2-(4-ethylphenyl)ethyl, 2-(3-ethylphenyl)ethyl, 1-(4-methylphenyl)ethyl, 1-(3-methylphenyl)ethyl, 1-(2-methylphenyl) 
ethyl, 2-(4-methylphenyl)propyl, 2-(2-methylphenyl)propyl, 2-(4-ethylphenyl)propyl, 2-(2-ethylphenyl)propyl, 

2- (2,3-dimethylphenyl)propyl, 2-(2,5-dimethylphenyl)propyl, 2-(3,5-dimethlphenyl)propyl, 2-(2,4-dimethylphenyl)pro- 
pyl, 2-(3,4-dimethylphenyl)propyl, 2-(2,5-dimethylphenyl)butyl, 4-(1-methylethyl)phenylmethyl, 2-(4-(1 ,1-dimethyle- 
thyl)phenyl)ethyl, 2-(4-(1-methylethyl)phenyl)propyl and 2-(3-(1-methylethyl)phenyl)-propyl. 

[0023] The examples of the phenylalkyl, in which optional hydrogen on the benzene ring is replaced by alkyl having 
1 to 12 carbon atoms and hydrogens in the alkyl are replaced by fluorines, are 3-trifluoromethylphenylmethyl, 2-(4-tri- 
fluoromethylphenyl)ethyl, 2-(4-nonafluorobutylphenyl)-ethyl, 2-(4-tridecafluorohexylphenyl)ethyl, 2-(4-heptade- 
cafluorooctylphenyl)ethyl, 1 -(3-trifluoromethyIphenyl)ethyl, 1 -(4-trifluoromethylphenyl)-ethyl, 1 -(4-nonafluorobutylphe- 
nyl)ethyl, 1-(4-tridecafluorohexylphenyl)ethyl, 1-(4-heptadecafluorooctylphenyl)ethyl, 2-(4-nonafluorobutylphenyl)pro- 
pyl, 1 -methyl-1 -(4-nonaf luorobutylphenyl)ethyl, 2-(4-tridecafluorohexylphenyl)propyl, 1 -methyl-1 -(4-tridecafluorohexy- 
lphenyl)ethyl, 2-(4-heptadecafluorooctylphenyl)propyl and 1 -methyl-1 -(4-heptadecafluorooctylphenyl)ethyl. 
[0024] The examples of the phenylalkyl, in which optional hydrogen on the benzene ring is replaced by alkyl having 
1 to 1 2 carbon atoms and -CH 2 - in the alkyl is replaced by -CH=CH-, are 2-(4-ethenylphenyl)ethyl, 1 -(4-ethenylphenyl) 
ethyl and 1-(2-(2-propenyl)phenyl)ethyl. The examples of the phenylalkyl, in which optional hydrogen on the benzene 
ring is replaced by alkyl having 1 to 12 carbon atoms and -CH 2 - in the alkyl is replaced by -O-, are 4-methoxyphenyl- 
methyl, 3-methoxyphenylmethyl, 4-ethoxyphenylmethyl, 2-(4-methoxyphenyl)ethyl, 3-(4-methoxyphenyl)propyl, 

3- (2-methoxyphenyl)propyl, 3-{3,4-dimethoxyphenyl)propyl, 1 1 -(4-methoxyphenyl)undecyl, 1 -(4-methoxyphenyl)ethyl, 
(3-methoxymethylphenyl)ethyl and 3-(2-nonadecafluorodecenyloxylphenyl)propyl. 

[0025] The examples of the phenylalkyl in which optional hydrogen on the benzene ring is replaced by alkyl having 
1 to 12 carbon atoms and one of -CH 2 - in the alkyl is replaced by cycloalkylene are, to give the examples including an 
example in which one more -CH 2 - is replaced by -O-, cyclopentylphenylmethyl, cyclopentyloxyphenylmethyl, cyclohex- 
ylphenylmethyl, cyclohexylphenylethyl, cyclohexylphenylpropyl and cyclohexyloxyphenylm ethyl. The examples of the 
phenylalkyl in which optional hydrogen on the benzene ring is replaced by alkyl having 1 to 12 carbon atoms and in 
which one of -CH 2 - in the alkyl is replaced by phenylene are, to give the examples including an example in which one 
more -CH 2 - is replaced by -O-, 2-(4-phenoxyphenyl)ethyl, 2-(4-phenoxyphenyl)propyl, 2-(2-phenoxyphenyl)propyl, 

4- biphenyImethyl, 3-biphenylethyl, 4-biphenylethyl, 4-biphenylpropyl, 2-(2-biphenyl)propyl and 2-(4-biphenyl)propyl. 
[0026] The examples of the phenylalkyl, in which at least two optional hydrogens on the benzene ring are replaced 
by different groups, are 3-(2,5-dimethoxy-3,4,6-trimethylphenyl)propyl, 3-chloro-2-methylphenylmethyl, 4-chloro- 
2-methylphenylmethyl, 5-chloro-2-methylphenylmethyl, 6-chloro-2-methylphenylmethyl , 2-chloro-4-methylphenylme- 
thyl, 3-chloro-4-methylpheny!methyl, 2,3-dichloro-4-methylphenylmethyl, 2,5-dichloro-4-methylphenylmethyl, 
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3,5-dichloro-4-methylphenylmethyl, 2,3,5-trichloro-4-methyfphenylmethyl 1 2,3 1 5 > 6-tetrachloro-4-methylphenylmethyl, 
2,3,4,6-tetrachloro-5-methylphenylmethyl,2,3,4^^ 

thyl, 2-ch!oro-3,5-dimethylphenylmethyl 1 2,4-dichloro-3,5-dimethylphenylmethyl f 2,6-dichtoro-3,5-dimethylphenylme- 
thyl, 2,4,6-trichloro-3 I 5-dimethylphenylmethyl, 3-bromo-2-methylphenylmethyl, 4-bromo-2-methylphenylmethyl, 5-bro- 
mo-2-methylphenylmethyl, 6-bromo-2-methylphenylmethyl, 3-bromo-4-methylphenylmethyl, 2,3-dibromo-4-methyl- 
phenylmethyl, 2 ) 3,5-tribromo-4-methylphenylmethy1, 2,3,5 1 6-tetrabromo-4-methy!phenylmethyl and 1 1 -(3-chloro- 
4-methoxyphenyl)undecyl. 

[0027] The most preferred examples of phenyl in the phenylalkyl are non-substituted phenyl and phenyl having at 
least one of fluorine, alkyl having 1 to 4 carbon atoms, ethenyl and methoxy as a substituent. 
[0028] The examples of the phenylalkyl, in which -CH 2 - in alkylene is replaced by -O-, -CH=CH- or cycloalkylene, 
are 3-phenoxypropyl, 1-phenylethenyl, 2-phenylethenyl, 3-phenyl-2-propenyl, 4-phenyl-4-pentenyl, 13-phenyl-12-tri- 
decenyl, phenylcyclohexyl and phenoxycyclohexyl. The examples of the phenylalkenyl, in which optional hydrogen on 
the benzene ring is replaced by fluorine or methyl, are 4-fluorophenylethenyl, 2,3-difluorophenylethenyl, 2,3,4,5,6-pen- 
tafluorophenylethenyl and 4-methylphenylethenyl. 

[0029] Among these groups, the preferred example of R is a group selected from the group of the alkyls having 1 to 
8 carbon atoms, the group of the substituted or non-substituted phenyls, the group of the substituted or non-substituted 
phenylalkyls, and naphthyl. More preferred example of R is a group selected from the group of the substituted or non- 
substituted phenyls, the group of the substituted or non-substituted phenylalkyls, and naphthyl. In the above alkyl 
having 1 to 8 carbon atoms, optional hydrogen may be replaced by fluorine, and optional -CH 2 - may be replaced by 
-O-, -CH=CH-, cycloalkylene or cycloalkenylene. In the substituted or non-substituted phenyl, optional hydrogen may 
be replaced by halogen, methyl or methoxy. In the substituted or non-substituted phenylalkyl, the number of carbon 
atoms of alkylene thereof is 1 to 8, optional hydrogen on the benzene ring may be replaced by fluorine, alkyl having 1 
to 4 carbon atoms, ethenyl or methoxy, and optional -CH 2 - may be replaced by -O-, -CH=CH- or cycloalkylene. In the 
above groups, when the phenyl has plural substituents, the substituents may be the same group or different groups. 
All of R's in Formula (1) are preferably the same group selected from these preferred examples of R. 
[0030] The specific examples of more preferred R are non-substituted phenyl, halogenated phenyl, phenyl having 
at least one methyl, methoxyphenyl, naphthyl, phenylmethyL phenylethyl, phenylbutyl, 2-phenylpropyl, 1 -methyl-2-phe- 
nylethyl, pentafluorophenylpropyl, 4-ethylphenylethyl, 3-ethylphenylethyl, 4-(1 ,1-dimethylethyl)phenylethyl, 4-ethenyl- 
phenylethyl, 1-(4-ethenylphenyl)ethyl, 4-methoxyphenylpropyl and phenoxypropyl. Among the above examples, non- 
substituted phenyl is most preferred. 

[0031] Y in Formula (1) is a group represented by Formula (a) or Formula (b): 



(a) 



(b) 

X— Si— 
I 

X 

wherein X's in Formula (a) and Formula (b) each are independently hydrogen, halogen, a hydroxyl group or a mono- 
valent organic group. In each of Formula (a) and Formula (b), at least one X is preferably the monovalent organic 
group. The preferred organic group is a functional group or a group having a functional group. Z in Formula (b) is -O, 
-CH 2 - or a single bond. Preferred Z is -O-. The group represented by Formula (a) or Formula (b) is introduced by 
reacting the PSQ (2) described above with a chlorinated silicon compound. 

[0032] The PSQ (1) of the present invention can be produced by reacting the PSQ (2) with a chlorinated silicon 
compound in an organic solvent in the presence or the absence of a base. The PSQ (2) can be produced by hydrolyzing 
and condensing the silicon compound shown by the compound (6) in the presence of a monovalent alkaline metal 
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hydroxide and water. 

[0033] A use amount of the chlorinated silicon compound is 2 to 400 in terms of a mole ratio to the PSQ (2). The 
preferred mole ratio 2 to 100. More preferred mole ratio 2 to 50. A theoretical use amount of the chlorinated silicon 
compound is 2 in terms of a mole ratio to the PSQ (2), and therefore the unreacted chlorinated silicon compound has 
to be removed after finishing the reaction. The chlorinated silicon compound having a low boiling point can be removed 
by distillation. When can not be removed by distillation, the chlorinated silicon compound is removed by hydrolysis. In 
order to readily separate the resulting hydro lysate from the PSQ (1), a use amount of the chlorinated silicon compound 
is preferably 400 or less in terms of a mole ratio to the PSQ (2). It is very difficult to separate the PSQ (2) from the 
PSQ (1 ). Accordingly, in order to prevent the unreacted PSQ (2) from remaining, a use amount of the chlorinated silicon 
compound is preferably 2 or more in terms of a mole ratio to the PSQ (2). 

[0034] The preferred organic solvent used in the above reaction is a solvent which is less liable to dissolve the PSQ 
(2) or which does not dissolve it at all. The examples thereof are hydrocarbon type solvents such as hexane, heptane, 
benzene and toluene, ether type solvents such as diethyl ether and tetrahydrofuran, ester type solvents such as ethyl 
acetate and halogenated hydrocarbon type solvents such as chloroform. The above solvents may be used in a mixture. 
A preferred use amount of the organic solvent is 1 to 400 times based on the weight of the PSQ (2). More preferred 
use amount is 1 to 100 times. The reaction is accompanied with heat generation, and therefore the organic solvent is 
preferably used in the same amount or more based on the weight of the PSQ (2) in order to readily control the reaction. 
In order to prevent the reaction time from being extended, a use amount of the organic solvent is preferably 1 00 times 
or less based on the weight of the PSQ (2). 

[0035] The reaction of the PSQ (2) with the chlorinated silicon compound is accelerated by the presence of a base. 
Accordingly, the above reaction is preferably carried out in the presence of a base. The preferred base is amine. The 
example of the preferred amine is tertiary amine such as triethylamine. A preferred use amount of the base is 0.01 to 
400 in terms of a mole ratio based on the PSQ (2). The preferred mole ratio is 0.1 to 100. More preferred mole ratio 
0.2 to 10. The base of 0.1 or more in terms of a mole ratio based on the PSQ (2) is preferably used in order to obtain 
the PSQ (1) at a good yield. The base has an action to subject the hydrolysate of the chlorinated silicon compound to 
polycondensation. Accordingly, when a use amount of the organic solvent is small, it has to be avoided to use the base 
in a large amount, but when a use amount of the organic solvent is large, the base may be used in an amount of up 
to about 400 in terms of a mole ratio based on the PSQ (2). If a use amount of the base falls in the above range, the 
possibility to hinder a hydrolysate formed at a step after finishing the reaction from being separated is small. However, 
considering the volume efficiency, a preferred use amount of the base is 0.01 to 1 00 in terms of a mole ratio based on 
the PSQ (2). 

[0036] The reaction time is varied depending on the kind of the chlorinated silicon compound used and the solvent, 
and it is usually several minutes to several hours. The reaction temperature shall not specifically be restricted and may 
be usually a room temperature. Thus, silsesquioxane having a functional group can be synthesized. 
[0037] The preferred examples of the chlorinated silicon compound are tetrachlorosilane and the compound (3) to 
the compound (5). The examples of the compound (3) are acetoxyethylmethyldichlorosilane, acetoxypropylmethyl- 
dichlorosilane, (3-acryloyloxypropyl)-methyldichlorosilane, allyl(chloropropyl)dichlorosilane, allyl(2-cyclohexenylethyl) 
dichlorosilane, allyidichiorosilane, alfylhexyidichlorosilane, allylmethyldichlorosilane, allylphenyldichlorosilane, 5-{bicy- 
cloheptenyl)methyldich!orosilane, butenylmethyldichlorosilane, t-butylmethyldichiorosilane, n-butylmethyldichlorosi- 
lane, t-butyldichlorosilane, t-butylphenyldichloro-silane, 2-(methoxycarbonyl)ethylmethyldichlorosilane, 2-chloroethyl- 
methyldichlorosilane, chloromethylmethyldichlorosiiane, ((chloromethyl)phenethyl)methyldichlorosilane, 2-(chlorome- 
thyl)-propylmethyldichlorosilane, chlorophenylmethyldichlorosilane, 3-chloropropylmethyldichlorosilane, 3-chloropro- 
pylphenyldichlorosilane, (3-cyanobutyl)methyldichlorosilane, 2-cyanoethylmethyldichlorosilane, 3-cy an opropylm ethyl - 
dichlorosilane, 3-cyanopropylphenyldichlorosilane, (3-cyclohexenylethyl)-methyldichlorosilane, cycloh exenylm ethyl - 
dichlorosilane, cyclobutenyldichlorosilane, cyclopropenyldichlorosilane, n-decylmethyl dichlorosilane, diallyldichlorosi- 
lane, n-butyldichlorosilane, di-t-butyldichlorosilane, 1 ,1-dichloro-3,3-dimethyl-1 ,3-disilabutane, 1 ,3-dichloro-1 ,3-diphe- 
nyl-1 ,3-dimethyldisiloxane, (dichloromethyO-methyldichlorosilane, 1 ,3-dichlorotetramethyldisiloxane, 1 ,3-di- 
chlorotetraphenyldisiloxane, dichlorotetramethyldisilane, dicyclohexyldichlorosilane, dicyclopentyl-dichlorosilane, di- 
ethyldichlorosilane, di-n-hexydichlorosilane, diisopropyldichlorosilane, dimesityldichlorosilane, dimethyldichlorosilane, 
di-n-octyldichlorosilane, diphenyldichlorosilane, di(p-tolyl)dichlorosilane, divinyldichlorosilane, 1 ,3-divinyM ,3-dime- 
thyl-1 ,3-dichlorosilane, ethyldichlorosilane, ethylmethyldichlorosilane, (heptadecafluoro-1 ,1,2,2-tetrahydrodecyl)- 
methyldichlorosilane, n-heptyl-methyldichlorosilane, hexyldichlorosilane, hexylmethyldichlorosilane, isobutylmethyl- 
dichlorosilane, isopropylmethyldichlorosilane, methacryloyloxypropyl-methyldichlorosilane, 3-(p-metoxyphenyl)pro- 
pyl-methyldichlorosilane, methylpentyldichlorosilane, p-(methylphenethyl)-methy1dichlorosilane, 2-methyl-2-phe- 
nylethyldichlorosilane, 3,3,4,4,5, 5,6,6, 6-nonafluorohexylmethyldichlorosilane, n-octyl-methyldichlorosilane, phene- 
thylmethyl-dichlorosilane, phenyldichlorosilane, phenylethyl-dichlorosilane, phenylmethyldichlorosilane, (3-phenylpro- 
pyl)methyldichlorosilane, 1-allylmethyl-dichlorosilane, propylmethyldichlorosilane, p-tolylmethyldichlorosilane, (tride- 
cafluoro-1 ,1 ^^-tetrahydrooctyljmethyldicholorosilane, (3,3,3-trifluoropropyl)methyldichlorosilane, vinylethyl-dichlo- 
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rosilane, vinylmethyldichlorosilane, vinyloctyldlchlorosilane, vinylphenyldichlorosilane, methyldichlorosilane, 1 ,3- 
dichloro-1 ,3-dimethyl-disiloxane, 1 ,3-dichloro-1 ,3-dimethyl-1 ,3-divinyldisiloxane and 1 ,3-dichloro-1 ,3-diphenyl-disi- 
loxane. 

[0038] The examples of the compound (4) are acetoxyethyltrichlorosilane, (3-acryloyloxypropyl)-trich lorosi lane, ad- 
mantylethyltrichlorosilane, allyltrichlorosilane, benzyltrichlorosilane, S-fbicycloheptenyOtrichlorosilane, 2-(bicyclohep- 
tyl)-trich!orosilane, 2-bromoethyltrichlorosilane, bromophenyltrichlorosilane, 3-bromopropyl-trichlorosilane, p-(t-butyl) 
phenethyltrichlorosilane, n-butyltrichlorosilane, t-butyltrichlorosilane, 2-(methoxycarbonyl)ethyltrichlo rosilane, 1-chlo- 
roethyltrichlorosilane, 2-chloroethyl-trichlorosilane, 2-(chloromethyl)allyltrichlorosilane, (chloromethyl)-phenethyl- 
trichlorosilane, p-(chloromethyl)-phenyltrichlorosilane, chloromethyltrichlorosilane, chlorophenyltrichlorosilane, 3-chlo- 
ropropyltrichlorosilane, (3-cyanobutyi)-trichlorosilane, 2-cyanoethyltrichlo rosilane, 3-cyanopropyltrich!orosilane, (3-cy- 
clohexenyl)-ethyltrichlorosilane, 3-cyclohexenyltrichlorosilane, (cyclohexylmethyl)trich lorosi lane, cyclohexyl-trichlo- 
rosilane, (4-cyclooctenyl)trichlorosilane, cyclooctyltrichlorosilane, cyclopentylt rich lorosi lane, n-decyltrichlorosilane, 
1 ,2-dibromoethyl-trichlorosilane, 1 ,2-dichloroethyltrichiorosilane, (dichloromethyl)-trichlorosilane, dichlorophenyl- 
trichlorosilane, dodecyltrichlorosilane, eicosyltrichlorosilane, dococyltrichlorosilane, ethyltrichlorosilane, (heptade- 
cafluoro-1 ,1 ,2,2-tetrahydrodecy!)trichlorosilane, (3-heptafluoro-isopropoxy)propyltrichlorosilane, n-heptyltrichlorosi- 
lane, hexachlorodisilane, hexachloro-disiloxane, n-hexadecyl-trichlorosilane, 5-hexenyltrichlorosilane, hexyltrichlo- 
rosilane, isobutyltrichlorosilane, isooctyltrichlorosilane, methacryloyloxypropyltrichorosilane, 3-(p-methoxyphenyl)pro- 
pyltrichlorosilane, methyltrichlorosilane, 3,3,4,4,5,5,6,6,6-nonafluorohexyttrichlorosilane, nonyltrichlorosilane, n-octa- 
decyltrichlorosilane, 7-octenyltrichlorosilane, n-octyltrich lorosi lane, pentafluorophenylpropyl-trichlorosilane, pentyl- 
trichlorosilane, phenethyl-trichlorosilane, 3-phenoxypropyltrichlorosilane, phenyltrichlorosilane, n-propyltrichlorosi- 
lane, p-tolyltrichlorosilane, trichloromethyltrichlorosilane, (tridecafluoro-1 ,1 ,2,2-tetrahydrooctyl) -trichlorosilane, 
(3,3,3-trif luoropropyl)-trichlorosilane and vinyltrich lorosilane. 

[0039] The examples of the compound (5) are 1 ,1 ,3,3-tetrachloro-1 ,3-dimethyldisiloxane, 1 ,1 ,3,3-tetrachlorodisi- 
loxane and 1 ,1 ,3,3-tetrachloro-1,3-diphenyldisiloxane. In the present invention, a plurality of the chlorinated silicon 
compounds may be selected from the group consisting of tetrach lorosi lane and the compound (3) to the compound 
(5) and used. 

[0040] Use of the chlorinated silicon compounds given above as the examples makes it possible to produce the PSQ 
derivatives having various substituents and functional groups. Further, use of the suited compounds among these 
derivatives makes it possible as well to produce the PSQ derivatives having the other substituents and functional 
groups according to publicly known methods for introducing substituents and functional groups. It is possible, for ex- 
ample, to synthesize a compound having Si-CI in a molecule by reacting the PSQ (2) with the chlorinated silicon 
compound as shown in Example 11 and then introduce other substituents and functional groups making use of this 
group. When X in Formula (a) or Formula (b) is an aliphatic group having a double bond, a group having halogenated 
phenyl, hydrogen and halogenated alkyl, it can be utilized for introducing other functional groups. Accordingly, the PSQ 
(1) having further various functional groups can be synthesized. When X is a functional group or a group having a 
functional group, the examples of the preferred functional group are -H, -F, -CI, -Br, -OH, -CF 3 , perfluoroalkyl, alkoxy, 
-COOH, 2-oxapropane-1 ,3-dioyl, polyalkyleneoxy, ester, epoxy, an oxetane ring, -NH 2 , -CN, -NCO, alkenyl, cycloalke- 
nyl, -SH and -PH 2 . -H is a functional group bonded directly to Si. -OH, halogen, alkoxy, ester and alkenyl may be 
bonded directly to an Si atom or may be bonded to an Si atom through a divalent group described later. The other 
groups excluding -H, -OH, halogen, alkoxy, ester and alkenyl is preferably bonded to an Si atom through a divalent 
group such as alkylene, alkylcycloalkylene, alkylphenylene or alkylphenylalkylene. The examples of alkenyl are ethenyl 
and propenyl. The examples of cycloalkenyl are cyclopentadienyl, cyclohexenyl and norbornenyl. The PSQ (1 ) in which 
X does not have a functional group can be used as an additive for a polymer. 

[0041] The specific examples of X in a case where X is a functional group or a group having a functional group shall 
be shown below. 

— H — F — CF 3 — CH=CH 2 — CH 2 -CH=CH 2 
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-{CH 2 )-OH .^h^o-^c^O^E -{ch^C-OH 



-fCH 2 )— SH 




In these formulas, k is 0 or 1 ; m is an integer of 2 to 4; n is an integer of 0 to 15; L is halogen, and p is an integer of 1 
to 5; q is an integer of 2 or 3, and r is an integer of 2 to 200; t is an integer of 1 to 3; and E is hydrogen or alky) having 
1 to 4 carbon atoms. In the examples described above, the bonding positions of -L, -CH 2 -L, -OH, -COOH, -CF 3 and 
-OCF 3 onto a benzene ring are optional respectively. Preferred halogen is F and CI. The preferred range of r is 2 to 
1 00, and more preferred range is 2 to 20. 

[0042] A polymer having the PS Q derivative of the present invention as a structural unit can be obtained by using 
the PSQ (1 ) having a polymerizable functional group. The PSQ (1 ) in which X is a group having a polymerizable double 
bond can be copolymerized with other vinyl base monomers. Applicable polymerization methods are radical polymer- 
ization by azo compounds such as azobisisobutyronitrile (AIBN), anionic polymerization by metal alky! and cationic 
polymerization by Lewis acids. The PSQ (1) in which X is a group having 2-oxapropane-1 ,3-dioyl can be used as a 
raw material for a polycondensed matter. The PSQ (1) which is a group having epoxy or an oxetane ring can also be 
used as a raw material for a polymer. 

[0043] Next, a production process for the PSQ (2) shall be explained. The PSQ (2) is obtained by hydrolyzing and 
condensing the compound (6) in the presence of a monovalent alkaline hydroxide and water: 
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R— Si— A 
I 

A 



(6) 



In Formula (6), R is defined in the same manner as in Formula (2), and A is a hydrolyzable group. Accordingly, the 
10 most preferred examples of R are, as described above, phenyl, halogenated phenyl, phenyl having at least one methyl, 
methoxyphenyl, naphthyl, phenylmethyl, phenylethyl, phenylbutyl, 2-phenyl propyl, 1 -methyl-2-phenylethyl, pentafluor- 
ophenylpropyl, 4-ethylphenylethyl, 3-ethylphenylethyl, 4-(1,1-dimethylethyl)phenylethyl, 4-ethenylphenylethyl, 
1 -(4-ethenylphenyl)ethyl, 4-methoxyphenylpropyl and phenoxypropyl. The preferred examples of A are chlorine and 
alkoxy. The alkoxy is a group which is separated by hydrolysis, and therefore it is not meaningful so much to restrict 
15 the range of the carbon number thereof. A compound having alkoxy having 1 to 4 carbon atoms is advisably used. 
The compound (6) described above having R and a hydrolyzable group is commercially available, and it can be obtained 
as well by a conventional synthetic method. 

[0044] The examples of the compound (6) are phenyltrichlorosilane, phenyltrimethoxysilane, phenyttriethoxysilane, 
phenyltri-n-propoxysilane, phenyltri-n-buthoxysi!ane, p-tolyltrimethoxysilane, p-tolyltriethoxysilane, chlorophenyl- 

20 trichlorosilane, chlorophenyltrimethoxysilane and chlorophenyl-triethoxysilane. 

[0045] The examples of the monovalent alkaline oxide are lithium hydroxide, sodium hydroxide,potassium hydroxide 
and cesium hydroxide. Among them, sodium hydroxide and potassium hydroxide are preferred. A use amount of the 
monovalent alkaline oxide in the production of the PSQ (2) is 0.3 to 1 .5 in terms of a mole ratio to the compound (6). 
More preferred mole ratio is 0.4 to 0.8. If the mole ratio falls in the above range, a cyclic or linear siloxane compound 

25 having a low molecular weight and a siloxane compound having a high molecular weight are prevented from being 
formed, and the PSQ (2) having a regulated structure is liable to be obtained. 

[0046] An addition amount of water is 1 .0 to 1 .5 in terms of a mole ratio to the compound (6). More preferred mole 
ratio is 1 .1 to 1 .3. If the mole ratio falls in the above range, remaining of the hydrolyzable group, formation of a siloxane 
compound having a low molecular weight and formation of a siloxane compound having a structure which is not reg- 
30 ulated can be prevented. An addition timing of water shall not specifically be restricted. It may be mixed in advance 
with the other raw materials or may be added later. 

[0047] Further, the hydrolytic reaction of the compound (6) is preferably carried out in the presence of an organic 
solvent. The preferred examples of the organic solvent are alcohols. The preferred examples of the alcohols are linear, 
branched or cyclic monovalent alcohols. The examples of the linear alcohols are methanol, ethanol, 1-propanol, 1 -bu- 

35 tanol, 1 -pentanol, 1 -hexanol, 1 -heptanol and 1 -octanol. The examples of the branched alcohols are 2-propanol, 2-bu- 
tanol, 2-methyl-2-propanol, 2-hexanol and 3-hexanol. The examples of the cyclic alcohols are cyclopentanol, cyclohex- 
anol and cycloheptanol. It is estimated that the alcohols contribute to structure regulation in a condensing step. 
[0048] As described above, it is preferred to use the organic solvent, and a use amount thereof shall not specifically 
be restricted. Factors for determining a use amount of the organic solvent are economical viewpoints such as an energy 

40 efficiency and a time efficiency, and a stirring efficiency attributable to a small solubility of the PSQ (2) in the organic 
solvent. Accordingly, there is no use range which has to be strictly kept, and considering the factors described above, 
the standard shall be 0.3 to 50 times in terms of a volume ratio based on the compound (6). More preferred volume 
ratio shall be 5 to 40 times. It is essential to adopt the optimum conditions in the range of the production conditions 
described above according to the compound (6) which is used as the raw material. 

45 [0049] The PSQ (2) is scarcely soluble in an organic solvent, and therefore it begins to be deposited as the reaction 
proceeds. Time required for deposition is varied depending on conditions such as the organic solvent used and a use 
amount thereof, and it is usually several minutes to several ten hours. The PSQ (2) deposited can readily be separated 
from the solvent by filtration. 

[0050] The PSQ (2) thus obtained is limited in an analytical method for analyzing the structure thereof because of a 
so low solubility in an organic solvent. Accordingly, monovalent alkaline metal bonded has to be replaced by a trimethylsilyl 
. group by trimethylchlorosilane. A rise in a solubility of the compound in the solvent makes it possible to analyze the 
structure. 

EXAMPLES 

55 

[0051 ] The present invention shall more specifically be explained with reference to examples, but the present inven- 
tion shall not be restricted to these examples. In formulas described in the examples, Ph is phenyl; Me is methyl; TMS 
is trimethylsilyl; and CN is cyano. 
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Example 1 

<Synthesis-1 of PSQ (2)> 

s [0052] A four neck flask having a content volume of 300 ml equipped with a reflux condenser, a thermometer and a 
dropping funnel was charged with phenyltrimethoxysilane (24 g), sodium hydroxide (3.2 g), water (2.5 g) and 2-propyl 
alcohol (120 ml). The flask was sealed with dried nitrogen and heated on an oil bath while stirring by means of a 
magnetic stirrer until 2-propyl alcohol was refluxed. It was stirred for further 4 hours while refluxing, and then the reaction 
liquid was left standing still at a room temperature for a night. A deposited precipitate was separated from the reaction 

10 liquid by means of a pressure filter equipped with a membrane filter. This was washed once with 2-propyl alcohol. This 
was dried under reduced pressure at 70°C for 5 hours to obtain 6.0 g of a white powdery solid matter. This is designated 
as Compound (2-1). 

<Structural analysis of Compound (2-1 )> 



[0053] A four neck flask having a content volume of 50 ml equipped with a dropping funnel, a reflux condenser and 
a thermometer was charged with the compound (2-1) (2.3 g), tetrahydrofuran (20 g) and triethylamine (3.2 g), and it 
was sealed with dried nitrogen. Trimethylchlorosilane (3.4 g) was dropwise added thereto at a room temperature in 
about one minute while stirring by means of a magnetic stirrer, and the solution was further stirred at a room temperature 

20 for 3 hours. Then, water (1 0 g ) was added thereto to dissolve sodium chloride which was a by-product and hydrolyze 
unreacted trimethylchlorosilane. The resulting reaction mixture was separated to obtain an organic layer. This organic 
layer was washed once with 1N hydrochloric acid and once with a saturated sodium hydrogencarbonate aqueous 
solution and further washed repeatedly three times with ion-exchanged water. This organic layer was dried on anhy- 
drous magnesium sulfate and then condensed under reduced pressure by means of a rotary evaporator to obtain a 

25 white powdery residue (2.1 g). This is designated as a trimethylsilylated product. 

[0054] The above trimethylsilylated product was subjected to structural analysis by means of gel permeation chro- 
matography (GPC), 1 H-NMR, 29 Si-NMR and infrared absorption analysis. In the GPC chart, the above white powdery 
residue showed a very fine monodispersibility and had a weight average molecular weight (Mw) of 1 1 20 and a number 
average molecular weight (M n) of 1 080. It was confirmed from the 1 H-NM R chart that a phenyl group and a trimethy Isilyl 

30 group were present in an integral ratio of 8 : 4. Total three peaks of one peak originating in a trimethy Isilyl group in 
-10.6 ppm and two peaks originating in a T structure having a phenyl group in -78.6 ppm and -78.9 ppm in a ratio of 
1 : 1 were confirmed from the ^Si-NMR chart. The T structure is a structure in which Si is bonded to three O's. Both 
of 1 H-NMR and 29 Si-NMR were measured with heavy chloroform used as a solvent and tetramethylsilane used as a 
standard substance. It was confirmed from the infrared absorption spectrum measured by a KBr tablet method that 

35 present were absorptions attributed respectively to harmonic vibration of a substituted benzene ring in 1 760 to 1960 
cm" 1 , deformation vibration of Si-Ph in 1430 and 1600 cm' 1 , vibration of Si-CH 3 in 1250 cm* 1 and stretching vibration 
of Si-O-Si in 1130 to 1 060 cm* 1 . It was confirmed from the matters described above that the trimethylsilylated product 
had a structure represented by the following Formula (7). Accordingly, it is judged that the compound (2-1) before 
trimethylsilylated has a structure represented by the following Formula (8). 
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4Na (8) 



[0055] In the following examples, the PSQ derivative represented by Formula (8) which was produced in the same 
manner as in Example 1 was designated as the compound (2-1). 

Example 2 

<Synthesis-2 of PSQ (2)> 

[0056] Reaction was carried out in the same manner as in Example 1 , except that phenyltrimethoxysilane (24 g), 
sodium hydroxide (3.2 g), water (2.7 g) and 2-propyl alcohol (120 ml) were charged, to obtain 6.2 g of a white powdery 
solid matter. The white powdery solid matter thus obtained was subjected to structural analysis according to Example 
1 to obtain the same results. 

Example 3 

<Synthesis-3 of PSQ (2)> 

[0057] Reaction was carried out in the same manner as in Example 1 , except that phenyltrimethoxysilane (24 g), 
sodium hydroxide (3.6 g) and water (2.5 g) were charged, to obtain 5.8 g of a white powdery solid matter. The white 
powdery solid matter thus obtained was subjected to structural analysis according to Example 1 to obtain the same 
results. 

Example 4 

<Synthesis-1 of PSQ (1): introduction of (cyanoethyl)methylsilanediyl> 

[0058] A three neck flask having a content volume of 300 ml equipped with a dropping funnel, a reflux condenser 
and a thermometer was charged with the compound (2-1 ) (11 .6 g: 1 0 mmol), tetrahydrofuran (1 00 g) and triethylamine 
(3.0 g: 30 mmol), and it was sealed with dried nitrogen. (Cyanoethyl)methyldichlorosilane (5.0 g: 30 mmol) was dropwise 
added thereto at a room temperature while stirring by means of a magnetic stirrer. Then, the solution was stirred at a 
room temperature for one hour. Water (50 g) was added to the reaction liquid to dissolve sodium chloride formed and 
hydrolyze unreacted (cyanoethyl)methyldichlorosilane. The reaction mixture thus obtained was subjected to liquid sep- 
aration, and the organic layer was washed once with 1N hydrochloric acid and once with a saturated sodium hydro- 
gencarbonate aqueous solution and further washed repeatedly three times with ion -exchanged water. The organic 
layer obtained after washing was dried on anhydrous magnesium sulfate and condensed under reduced pressure by 
means of a rotary evaporator to obtain 7.6 g of a white powdery solid matter. 

[0059] The above product was subjected to structural analysis by means of GPC, 1 H-NMR, ^Si-NMR and a mass 
spectrum. It was confirmed from the GPC chart that PSQ (1) was monodispersed and that it had a weight average 
molecular weight of 920 in terms of polystyrene and a purity of 99 %. It was confirmed from the 1 H-NMR chart that 
phenyl and methylene in cyanoethyl were present in an integral ratio of 40 : 4. From the ^Si-NMR chart, one peak 
originating in a D structure having (cyanoethyl)methyl was confirmed in -20.83 ppm, and peaks originating in a T 
structure having a phenyl group were confirmed in -78.1 6 ppm and -79.27 ppm in a ratio of 1 : 1 . The D structure is a 
structure in which Si is bonded to two O's. A molecular ion peak of m/z 1259 was confirmed from the mass spectrum. 
To summarize the matters described above, it is judged that the above compound has a structure represented by the 
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following Formula (9). 

1 H-NMR (solvent: CDCI 3 ): 5 (ppm); 0.38 (s. 6H), 1 .08-1 .12 (t, 4H), 2.32-2.36 (t, 4H), 7.21-7.50 (m, 40H). 
2$Si-NMR (solvent: CDCl 3 ): 5 (ppm); -20.83 (s, 2Si), -78.16 (s, 4Si), -79.27 (t, 4Si). 



Ph 



SI — O — «i Me 



^-Si — O— SL 



Example 5 

<Synthesis-2 of PSQ (1): introduction of (3-methacryloyloxypropyl)methylsilanediyl> 

[0060] Reaction and after-treatment were earned out in the same manner as in Example 4, except that (3-methacry- 
loyloxypropyl)methyldichlorosilane (7.7 g: 30 mmol) was used in place of (cyanoethyl)-methyldichlorosilane. A residue 
obtained by condensing the reaction liquid under reduced pressure was recrystallized from acetone and dried to obtain 
8.4 g of a white powdery solid matter. It is judged from the following analytical data that the above compound has a 
structure represented by the following Formula (10). 

1 H-NMR (solvent: CDCI 3 ): 5 (ppm); 0.33 (s, 6H), 0.76-0.80 (m, 4H), 1 .77-1 .84 (m, 1 0H), 4.00-4.04 (t, 4H), 5.42 (s, 2H), 
5.97 (s, 2H), 7.17-7.55 (m, 40H). 

29 Si-NMR (solvent: CDCI 3 ): 5 (ppm); -17.88 (s, 2Si), -78.58 (s, 4Si), -79.52 (t, 4Si). 




p \ r 

-Si— O— Si^ 

Ph / ph (10) 



Example 6 



<Synthesis-3 of PSQ (1): introduction of methylsilanediyl> 

[0061 ] Reaction and after-treatment were carried out in the same manner as in Example 4, except that methyldichlo- 
rosilane (3.4 g: 30 mmol) was used in place of (cyanoethyl)methyldichlorosiiane. A residue obtained by condensing 
the reaction liquid under reduced pressure was washed with methanol and dried to obtain 6.9 g of a white powdery 
solid matter. It is judged from the following analytical data that the above compound has a structure represented by 
the following Formula (11). 
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1 H-NMR (solvent: CDCI 3 ): 8 (ppm); 0.37 (s, 6H), 4.99 (s, 2H), 7.15-7.56 (m, 40H). 
^Si-NMR (solvent: CDCI 3 ): 8 (ppm); -32.78 (s, 2Si), -77.91 (s, 4Si), -79.39 (t, 4Si). 



Me' 




(ID 



Example 7 

<Synthesis-4 of PSQ (1): introduction of 3-chloropropylmethylsilanediyl> 

[0062] Reaction and after-treatment were carried out in the same manner as in Example 4, except that 3-chloropro- 
pylmethyldichlorosilane (5.7 g: 30 mmol) was used in place of (cyanoethyl)methyldichlorositane. A residue obtained 
by condensing the reaction liquid under reduced pressure was washed with methanol and dried to obtain 7.3 g of a 
white powdery solid matter. It is judged from the following analytical data that the above compound has a structure 
represented by the following Formula (12). 



1 H-NMR (solvent: CDCI 3 ): 6 (ppm); 0.30 (s, 6H), 0.81-0.85 (m, 4H), 1.81-1.89 (m, 4H), 3.36-3.40 (t, 4H), 7.18-7.53 (m, 
40H). 

29 Si-NMR (solvent: CDCI 3 ): 5 (ppm); -18.35 (s, 2Si), -78.61 (s, 4Si), -79.55 (t, 4Si). 



Example 8 

<Synthesis-5 of PSQ (1): introduction of methylvinylsilanediyl> 

[0063] Reaction and after-treatment were carried out in the same manner as in Example 4, except that methylvinyl- 
dichlorosilane (4.2 g: 30 mmol) was used in place of (cyanoethyl)methyldichlorosilane. A residue obtained by condens- 
ing the reaction liquid under reduced pressure was washed with methanol and dried to obtain 7.2 g of a white powdery 
solid matter. It is judged from the following analytical data that the above compound has a structure represented by 
the following Formula (13). 

1 H-NMR (solvent: CDCI 3 ): 8 (ppm); 0.38 (s, 6H), 5.91-6.22 (m, 6H), 7.13-7.53 (m, 40H). 
29Si-NMR (solvent: CDCy: 8 (ppm); -31 .38 (s, 2Si), -78.41 (s, 4Si), -79.57 (s, 4Si). 




Pti 
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(•3) 



Example 9 



<Synthesis-6 of PSQ (1): introduction of (3-acryloyloxypropyl)methylsilanediyl> 

[0064] Reaction and after-treatment were carried out in the same manner as in Example 4, except that the compound 
(2-1) (8.1 g: 7.04 mmol) obtained in Example 1 , triethylamine (1 .78 g: 17.6 mmol), tetrahydrofuran (150 g) and (3-acry- 
loyloxypropyl)-methyldichlorosilane (4.0 g: 1 7.6 mmol) were charged. Impurities were removed from a residue obtained 
by condensing the reaction liquid under reduced pressure by means of column chromatography (silica gel: 100 g, 
eluent: toluene/ethyl acetate = 9/1 ), and the residue was recrystallized from ethanol/ethyl acetate to obtain 2.2 g of 
colorless crystal. It is judged from the following analytical data that the above compound has a structure represented 
by the following Formula (14). 

1 H-NMR (solvent: CDCI 3 ): 5 (ppm); 0.31 (s, 6H), 0.74-0.78 (t, 4H), 1.74-1.78 (m, 4H), 4.00-4.02 (t, 4H), 5.70 (d, 2H) f 
5.98 (q, 2H), 6.26-6.29 (d, 2H), 7.17-7.53 (m, 40H). 

29SI-NMR (solvent: CDCI 3 ): 8 (ppm); -18.0 (d, 2Si), -78.6 (s, 4Si), -79.5 (t, 4Si). 



Example 10 

<Synthesis-7 of PSQ (1): introduction of acetoxypropytmethylsilanediyl> 

[0065] Reaction was carried out in the same manner as in Example 4, except that the compound (2-1) (11 .6 g: 10 
mmol), triethylamine (2.54 g: 25 mmol), tetrahydrofuran (200 g) and 3-acetoxypropylmethyl-dichlorosilane (5.4 g: 25 
mmol) were charged and that the reaction time was changed to 3 hours. Toluene (200 ml) and water (100 ml) were 
added to the reaction liquid and stirred to separate the liquids. 

The organic layer was washed with water and then dried on anhydrous magnesium sulfate. Toluene was distilled off 
from the organic layer under reduced pressure, and the low boiling components were removed by heating at 90 ± 5°C 
for 30 minutes under a pressure of 3.9 x 1 0 -2 MPa. The residue thus obtained was washed with methanol and recrys- 
tallized from ethanol/ethyl acetate (1 00 ml) to obtain 6.51 g of colorless crystal. It is judged from the following analytical 
data that the above compound has a structure represented by the following Formula (15). 
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1 H-NMR (solvent: CDCI3): 8 (ppm); 0.31 (s, 6H), 0.72-0.75 (t, 4H), 1.70-1.74 (m, 4H), 1.88 (s, 6H), 3.91-3.94 (t, 4H), 
7.18-7.52 (m, 40H). 

29Si-NMR (solvent: CDCI3): 5 (ppm); -17.8 (d, 2Si), -78.4 (s, 4Si), -79.3 (t, 4Si). 
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20 Example 11 



<Synthesis-8 of PSQ (1): introduction of dichlorosilanediyl> 



[0066] A three neck flask having a content volume of 300 ml equipped with a dropping funnel, a reflux condenser 
25 and a thermometer was charged with the compound (2-1) (11 .6 g: 10 mmol) and tetrahydrofuran (100 g), and it was 
sealed with dried nitrogen. Tetrachlorostlane (68 g: 40 mmol) was dropwise added thereto at a room temperature while 
stirring by means of a magnetic stirrer. Then, the solution was stirred at a room temperature for 3 hours. Resulting 
sodium chloride was removed from the reaction mixture by filtering, and unreacted tetrachlorosilane and tetrahydro- 
furan were removed by condensing under reduced pressure. The residue thus obtained was washed with hexane and 
30 dried to obtain 7.6 g of a white powdery solid matter. It is judged from the following analytical data that the above 
compound has a structure represented by the following Formula (16). 
29 Si-NMR (solvent: CDCI 3 ): 5 (ppm); -69.70 (s, 2Si), -76.75 (s, 4Si), -77.50 (s, 4Si). 
Mass spectrum (El: electron impact) m/z 1262 
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so Example 12 

<Synthesis-9 of PSQ (1): introduction of methylhydroxysilanediyl> 

[0067] A three neck flask having a content volume of 300 ml equipped with a dropping funnel, a reflux condenser 
55 and a thermometer was charged with the compound (2-1 ) (11 .6 g: 10 mmol), tetrahydrofuran (1 00 g) and triethylamine 
(3.0 g: 30 mmol), and it was sealed with dried nitrogen. Methyltrichlorosilane (4.5 g: 30 mmol) was dropwise added 
thereto at a room temperature while stirring by means of a magnetic stirrer. Then, the solution was stirred at a room 
temperature for 3 hours. Water (50 g ) was added to the reaction liquid to dissolve sodium chloride formed and hydrolyze 
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unreacted methyltrichlorosilane. The reaction mixture thus obtained was subjected to liquid separation, and the organic 
layer was washed once with 1 N hydrochloric acid and once with a saturated sodium hydrogencarbonate aqueous 
solution and further washed repeatedly three times with ion-exchanged water. The organic layer obtained after washed 
was dried on anhydrous magnesium sulfate and condensed under reduced pressure by means of a rotary evaporator 
to obtain 7.1 g of a white powdery solid matter. It is judged from the following analytical data that the above compound 
has a structure represented by the following Formula (17). 

29 Si-NMR (solvent: CDCI3): 5 (ppm); -54.06 (s, 2Si), -78.59 (s, 4Si), -79.17 (s, 4Si). 
IR (KBr method): 3450, 3060, 3010, 1590, 1430, 1270, 1130, 1090, 910, 730 cm' 1 . 



Example 13 

<Synthesis-10 of PSQ (1): introduction of 1 ,3-dimethyldisiloxane-1 ,3-diyl> 

[0068] Reaction and after-treatment were carried out in the same manner as in Example 4, except that 1 ,3-dichloro- 
1 ,3-dimethyldisiloxane (5.2 g: 30 mmol) was used in place of (cyanoethyl)methyldichlorosilane. A residue obtained by 
condensing the reaction liquid under reduced pressure was recrystallized from acetone and dried to obtain 7.1 g of a 
white powdery solid matter. It is judged from the following analytical data that the above compound has a structure 
represented by the following Formula (18). 

1 H-NMR (solvent: CDCI 3 ): 5 (ppm); 0.19-0.25 (m, 12H), 4.82-4.86 (m, 4H), 7.04-7.46 (m, 40H). 



Example 14 

<Synthesis-11 of PSQ (1): introduction of glycidyloxypropyl> 

[0069] A three neck flask having a content volume of 100 ml equipped with a reflux condenser and a thermometer 
was charged with the compound (11) (10 g: 8.67 mmol) synthesized according to Example 6, toluene (60 g) and allyl 




Ph' 
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glycidyl ether (3.0 g: 26.3 mmol), and It was sealed with dried nitrogen. The solution was heated to 65°C while stirring 
by means of a magnetic stirrer, and a Karsted catalyst (a complex of chloroplatinic acid and 1 ,3-divinyltetramethyldis- 
iloxane; 40 u,1) was added thereto through a microsyringe. Thereafter, the mixture was stirred at 65°C for one hour and 
then sampled to inspect an infrared absorption spectrum to confirm that an absorption peak (2170 cm -1 ) originating in 
-H (bonded to Si) disappeared, and thus the reaction was finished. The reaction liquid was condensed under reduced 
pressure by means of a rotary evaporator to obtain 1 1 .7 g of a white powdery solid matter. It is judged from the following 
analytical data that the above compound has a structure represented by the following Formula (19). 
29 Si-NMR (solvent: CDCI 3 ): 8 (ppm); -1 7.33 (s, 2Si), -78.67 (s, 4Si), -79.61 (s, 4Si). 

1 H-NMR (solvent: CDCI 3 ): 8 (ppm); 0.30 (s, 6H), 0.72-0.77 (m, 4H), 1.64-1.72 (m, 4H), 2.42-2.66 (m, 4H), 2.95-2.98 
(m, 2H), 3.15-3.19 (m, 2H), 3.31-3.37 (m, 4H), 3.43-3.47 (m, 2H), 7.17-7.53 (m, 40H). 



Ph 

p \ / 

Si O— Si^_ 

Me v JO' I I ^ u 

„ V. / Si— l-O — -SK 



-Si O — SL 



Example 15 

<Synthesis-12 of PSQ (1): introduction of 2,4-dioxo-3-oxacyclopentylpropyl> 

[0070] A three neck flask having a content volume of 1 00 ml equipped with a reflux condenser and a thermometer 
was charged with the compound (11) (50 g: 43.37 mmol) synthesized according to Example 6, tetrahydrofuran (100 
g) and allyl succinate (14.5 g: 103.57 mmol), and it was sealed with dried nitrogen. The solution was heated up to the 
refluxing temperature while stirring by means of a magnetic stirrer, and then the Karsted catalyst (320 u.l) described 
above was added thereto through a syringe. Thereafter, the mixture was stirred at the refluxing temperature for 7 hours 
and then sampled to inspect an infrared absorption spectrum to confirm that an absorption peak originating in -H 
(bonded to Si) disappeared, and thus the reaction was finished. A residue obtained by condensing the reaction liquid 
under reduced pressure by means of a rotary evaporator was washed with methanol (1 50 g) to obtain 55.9 g of a white 
powdery solid matter. It is judged from the following analytical data that the above compound has a structure repre- 
sented by the following Formula (20). 

29 Si-NMR (solvent: CDCI 3 ): 5 (ppm); -18.12 (s, 2Si), -78.55 (s, 4Si), -79.6 (s, 4Si). 

1 H-NMR (solvent: CDCI 3 ): 8 (ppm); 0.32 (s, 6H), 0.70-0.79 (m, 4H), 1 .32-1 .42 (m, 6H), 1 .73-1 .79 (m, 2H), 1 .88-1 .99 
(m, 2H), 2.23-2.36 (m, 2H), 2.50-2.60 (m, 2H), 7.14-7.58 (m, 40H). 
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INDUSTRIAL APPLICABILITY 

[0071] The PSQ derivative of the present invention represented by Formula (1 ) can usefully be used as an electronic 
material, an optical material, an electronic-optical material, a catalyst carrier and a monomer. Further, the above PSQ 
derivative can also usefully be used as an additive for raising a fire retardancy, a heat resistance, a weatherability, an 
electrical insulating property, a surface characteristic, a hardness, a dynamic strength and a chemical resistance of a 
polymer material. Use of the PSQ derivative of the present invention represented by Formula (2) as a starting material 
makes it possible to readily introduce a plurality of functional groups and other groups selected according to the pur- 
poses into the PSQ skeleton. Also, suited selection of the groups to be introduced makes it possible to produce the 
PSQ derivative which is improved in a compatibility with resins. Further, when two functional groups are introduced, 
obtained is the PSQ derivative in which the respective functional groups are introduced into opposite positions with 
the PSQ skeleton set as the center. This is the PSQ derivative represented by Formula (1). A process for readily 
synthesizing the compound having functional groups in opposite positions with the PSQ skeleton set as the center has 
been provided by the present invention. The present invention makes it easy to introduce the completely condensed 
type PSQ derivative into a principal chain of a high molecular compound. 



wherein each R in Formula (1) is a group independently selected from hydrogen, the group of alkyls having 1 to 
45 carbon atoms, the group of substituted or non-substituted aryls and the group of substituted or non -substituted 
arylalkyls; Y is a group represented by Formula (a) or Formula (b); in thealkyl having 1 to 45 carbon atoms, optional 
hydrogen may be replaced by fluorine, and optional -CH 2 - may be replaced by -O-, -CH=CH-, cycloalkylene or 
cycloalkenylene; in alkylene of the substituted or non-substituted arylalkyl, optional hydrogen may be replaced by 
fluorine, and optional -CH 2 - may be replaced by -O-, -CH=CH- or cycloalkylene; 



Claims 



1. A silsesquioxane derivative represented by Formula (1): 




(i) 
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X 

X— Si— 
I 

Z (b) 

X— Si— 
I 

X 



wherein X's in Formula (a) and Formula (b) each are independently hydrogen, halogen, a hydroxyl group or a 
monovalent organic group; and Z is -0-,-CH 2 - or a single bond. 

The silsesquioxane derivative according to claim 1 , wherein at least one X in each of Formula (a) and Formula (b) 
is a group defined in the same manner as R. 

The silsesquioxane derivative according to claim 1 , wherein each R in Formula (1) is a group independently se- 
lected from the group of alkyls having 1 to 30 carbon atoms, and hydrogen; in the alkyl having 1 to 30 carbon 
atoms, optional hydrogen may be replaced by fluorine, and optional -CH 2 - may be replaced by -O- or cycloalkylene; 
at least one X in each of Formula (a) and Formula (b) is a group selected from the group of alkyls having 1 to 45 
carbon atoms, the group of substituted or non -substituted phenyls, and naphthyl; in the alkyl having 1 to 45 carbon 
atoms, optional hydrogen may be replaced by fluorine, and optional -CH 2 - may be replaced by -O-, -CH=CH-, 
cycloalkylene or cycloalkenylene; in the substituted or non-substituted phenyl, optional hydrogen on the benzene 
ring may be replaced by halogen or alkyl having 1 to 18 carbon atoms; in the above alkyl having 1 to 1 8 carbon 
atoms, optional hydrogen may be replaced by fluorine, and optional -CH 2 - may be replaced by -O-, -CH=CH- or 
phenylene; and when the phenyl has plural substituents, the substituents may be the same group or different 
groups. 

The silsesquioxane derivative according to claim 1 , wherein each R in Formula (1) is a group independently se- 
lected from the group of alkenyls having 1 to 20 carbon atoms and the group of groups in which optional -CH 2 - in 
alkyl having 1 to 20 carbon atoms is replaced by cycloalkenylene; in the alkenyl having 1 to 20 carbon atoms, 
optional hydrogen may be replaced by fluorine, and optional -CH 2 - may be replaced by -O- or cycloalkylene; in 
the group in which optional -CH 2 - in alkyl having 1 to 20 carbon atoms is replaced by cycloalkylene, optional 
hydrogen may be replaced by fluorine; and at least one X in each of Formula (a) and Formula (b) is a group defined 
in the same manner as X described in claim 3. 

The silsesquioxane derivative according to claim 1 , wherein each R in Formula (1) is a group independently se- 
lected from the group of substituted or non-substituted phenyls and naphthyl; in the substituted or non -substituted 
phenyl, optional hydrogen on the benzene ring may be replaced by halogen or alkyl having 1 to 10 carbon atoms; 
in the above alkyl having 1 to 1 0 carbon atoms, optional hydrogen may be replaced by fluorine, and optional -CH 2 - 
may be replaced by -0-, -CH=CH-, cycloalkylene or phenylene; when the phenyl has plural substituents, the sub- 
stituents may be the same group or different groups; and at least one X in each of Formula (a) and Formula (b) is 
a group defined in the same manner as X described in claim 3. 

The silsesquioxane derivative according to claim 1 , wherein each R in Formula (1) is a group independently se- 
lected from the group of substituted or non -substituted phenylalkyls; in phenyl of the substituted or non -substituted 
phenylalkyl, optional hydrogen on the benzene ring may be replaced by halogen or alkyl having 1 to 12 carbon 
atoms; in the above alkyl having 1 to 1 2 carbon atoms, optional hydrogen may be replaced by fluorine, and optional 
-CH 2 - may be replaced by -O-, -CH=CH-, cycloalkylene or phenylene; in alkylene of the substituted or non-sub- 
stituted phenylalkyl, the number of carbon atoms is 1 to 12, optional hydrogen may be replaced by fluorine, and 
optional -CH 2 - may be replaced by -O- or cycloalkylene; when the phenyl has plural substituents, the substituents 
may be the same group or different groups; and at least one X in each of Formula (a) and Formula (b) is a group 
defined in the same manner as X described in claim 3. 

The silsesquioxane derivative according to claim 1 , wherein each R in Formula (1) is a group independently se- 
lected from the group of substituted or non-substituted phenylalkenyls; in phenyl of the substituted or non-substi- 
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tuted phenylalkenyl, optional hydrogen on the benzene ring may be replaced by halogen or alkyl having 1 to 12 
carbon atoms; in the above alkyl having 1 to 12 carbon atoms, optional hydrogen may be replaced by fluorine, 
and optional -CH 2 - may be replaced by -O-, -CH=CH-, cycloalkylene or phenylene; in alkenylene of the substituted 
or no n -substituted phenylalkenyl, the number of carbon atoms is 1 to 12, optional hydrogen may be replaced by 
5 fluorine, and optional -CH 2 - may be replaced by -O- or cycloalkylene; when the phenyl has plural substituents, the 

substituents may be the same group or different groups; and at least one X in each of Formula (a) and Formula 
(b) is a group defined in the same manner as X described in claim 3. 

8. The silsesquioxane derivative according to claim 1 , wherein each R in Formula (1) is a group independently se- 
io lected from the group of alkyls having 1 to 8 carbon atoms, the group of substituted or non-substituted phenyls, 

the group of substituted or non-substituted phenylalkyls, and naphthyl; in the alkyl having 1 to 8 carbon atoms, 
optional hydrogen may be replaced by fluorine, and optional -CH 2 - may be replaced by -O-, -CH=CH-, cycloalkylene 
or cycloalkenylene; in the substituted or non-substituted phenyl, optional hydrogen on the benzene ring may be 
replaced by halogen, methyl or methoxy; in phenyl of the substituted or non-substituted phenylalkyl, optional hy- 
15 drogen on the benzene ring may be replaced by fluorine, alkyl having 1 to 4 carbon atoms, ethenyl or methoxy; in 

alkylene of the substituted or non -substituted phenylalkyl, the number of carbon atoms is 1 to 8, and optional -CH 2 - 
may be replaced by -O-, -CH=CH- or cycloalkylene; when the phenyl has plural substituents, the substituents may 
be the same group or different groups; and at least one X in each of Formula (a) and Formula (b) is a group defined 
in the same manner as X described in claim 3. 

20 

9. The silsesquioxane derivative according to claim 1 , wherein all of R's in Formula (1 ) are the same group selected 
from the group of alkyls having 1 to 8 carbon atoms, the group of substituted or non-substituted phenyls, the group 
of substituted or non-substituted phenylalkyls, and naphthyl; in the alkyl having 1 to 8 carbon atoms, optional 
hydrogen may be replaced by fluorine, and optional -CH 2 - may be replaced by -O-, -CH=CH-, cycloalkylene or 

25 cycloalkenylene; in the substituted or non-substituted phenyl, optional hydrogen on the benzene ring may be re- 

placed by halogen, methyl or methoxy; in phenyl of the substituted or non -substituted phenylalkyl, optional hydro- 
gen on the benzene ring may be replaced by fluorine, alkyl having 1 to 4 carbon atoms, ethenyl or methoxy; in 
alkylene of the substituted or non-substituted phenylalkyl, the number of carbon atoms is 1 to 8, and optional -CH 2 - 
may be replaced by -O-, -CH=CH- or cycloalkylene; when the phenyl has plural substituents, the substituents may 

30 be the same group or different groups; and at least one X in each of Formula (a) and Formula (b) is a group defined 

in the same manner as X described in claim 3. 

10. The silsesquioxane derivative according to claim 1 , wherein all of R's in Formula (1 ) are the same group selected 
from the group of substituted or non-substituted phenyls, the group of substituted or non-substituted phenylalkyls, 

35 and naphthyl; in the substituted or non-substituted phenyl, optional hydrogen on the benzene ring may be replaced 

by halogen, methyl or methoxy; in phenyl of the substituted or non-substituted phenylalkyl, optional hydrogen on 
the benzene ring may be replaced by fluorine, alkyl having 1 to 4 carbon atoms, ethenyl or methoxy; in alkylene 
of the substituted or non-substituted phenylalkyl, the number of carbon atoms is 1 to 8, and optional -CH 2 - may 
be replaced by -O-, -CH=CH- or cycloalkylene; when the phenyl has plural substituents, the substituents may be 

^0 the same group or different groups; and at least one X in each of Formula (a) and Formula (b) is a group defined 

in the same manner as X described in claim 3. 

11. The silsesquioxane derivative according to claim 1, wherein all of R's in Formula (1) are non-substituted phenyls, 
and at least one X in each of Formula (a) and Formula (b) is a group defined in the same manner as X described 

45 in claim 3. 

12. The silsesquioxane derivative according to claim 1 , wherein each R in Formula (1) is a group independently se- 
lected from the group of alkyls having 1 to 45 carbon atoms, the group of substituted or non-substituted aryls and 
the group of substituted or non-substituted arylalkyls; in the alkyl having 1 to 45 carbon atoms, optional hydrogen 

so may be replaced by fluorine, and optional -CH 2 - may be replaced by -O-, -CH=CH-, cycloalkylene or cycloalke- 

nylene; in alkylene of the substituted or non -substituted arylalkyl, optional hydrogen may be replaced by fluorine, 
and optional -CH 2 - may be replaced by -O-, -CH=CH- or cycloalkylene; and at least one X in each of Formula (a) 
and Formula (b) is a functional group or a group having a functional group. 

55 13. The silsesquioxane derivative according to claim 12, wherein each R in Formula (1) described in claim 1 is a group 
independently selected from hydrogen and the group of alkyls having 1 to 30 carbon atoms; in the alkyl having 1 
to 30 carbon atoms, optional hydrogen may be replaced by fluorine, and optional -CH 2 - may be replaced by -O- 
or cycloalkylene; and the functional group is a group selected from -H (bonded to Si), -F, -CI, -Br, -OH, -CF 3 , 
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perfluoroalkyl, alkoxy, -COOH, 2-oxapropane-1 ,3-diyl t polyalkyleneoxy, ester, epoxy, an oxetane ring, -NH 2 , -CN, 
-NCO, alkenyl, cycloalkenyl, -SH and -PH 2 . 

1 4. The silsesquioxane derivative according to claim 1 2, wherein each R in Formula (1 ) described in claim 1 is a group 
s independently selected from the group of alkenyls having 1 to 20 carbon atoms and the group of groups in which 

optional -CH 2 - in alkyl having 1 to 20 carbon atoms is replaced by cycloalkenylene; in the alkenyl having 1 to 20 
carbon atoms, optional hydrogen may be replaced by fluorine, and optional -CH 2 - may be replaced by -O- or 
cycloalkylene; in the group in which optional -CH 2 - in alkyl having 1 to 20 carbon atoms is replaced by cycloalke- 
nylene, optional hydrogen may be replaced by fluorine; and the functional group is a group defined in the same 
io manner as the functional group described in claim 13. 

15. The silsesquioxane derivative according to claim 12, wherein each R in Formula (1) described in claim 1 is a group 
independently selected from the group of substituted or non-substituted phenyls and naphthyl; in the substituted 
or non-substituted phenyl, optional hydrogen on the benzene ring may be replaced by halogen or alkyl having 1 

*5 to 1 0 carbon atoms; in the above alkyl having 1 to 1 0 carbon atoms, optional hydrogen may be replaced by fluorine, 

and optional -CH 2 - may be replaced by -O-, -CH=CH-, cycloalkylene or phenylene; when the phenyl has plural 
substituents, the substituents may be the same group or different groups; and the functional group is a group 
defined in the same manner as the functional group described in claim 13. 

16. The silsesquioxane derivative according to claim 12, wherein each R in Formula (1) described in claim 1 is a group 
independently selected from the group of substituted or non-substituted phenylalkyls; in phenyl of the substituted 
or non-substituted phenylalkyl, optional hydrogen on the benzene ring may be replaced by halogen or alkyl having 
1 to 12 carbon atoms; in the above alkyl having 1 to 12 carbon atoms, optional hydrogen may be replaced by 
fluorine, and optional -CH 2 - may be replaced by -O-, -CH=CH-, cycloalkylene or phenylene; in alkylene of the 
substituted or non-substituted phenylalkyl, the number of carbon atoms is 1 to 12, optional hydrogen may be 
replaced by fluorine, and optional -CH 2 - may be replaced by -O- or cycloalkylene; when the phenyl has plural 
substituents, the substituents may be the same group or different groups; and the functional group is a group 
defined in the same manner as the functional group described in claim 13. 

17. The silsesquioxane derivative according to claim 12, wherein each R in Formula (1) described in claim 1 is a group 
independently selected from the group of substituted or non-substituted phenylalkenyls; in phenyl of the substituted 
or non-substituted phenylalkenyl, optional hydrogen on the benzene ring may be replaced by halogen or alkyl 
having 1 to 12 carbon atoms; in the above alkyl having 1 to 12 carbon atoms, optional hydrogen may be replaced 
by fluorine, and optional -CH 2 - may be replaced by -O-, -CH=CH-, cycloalkylene or phenylene; in alkenylene of 
the substituted or non-substituted phenylalkenyl, the number of carbon atoms is 1 to 12, optional hydrogen may 
be replaced by fluorine, and optional -CH 2 - may be replaced by -O- or cycloalkylene; when the phenyl has plural 
substituents, the substituents may be the same group or different groups; and the functional group is a group 
defined in the same manner as the functional group described in claim 13. 

18. The silsesquioxane derivative according to claim 12, wherein each R in Formula (1) described in claim 1 is a group 
independently selected from the group of alkyls having 1 to 8 carbon atoms, the group of substituted or non- 
substituted phenyls, the group of substituted or non-substituted phenylalkyls, and naphthyl; in the alkyl having 1 
to 8 carbon atoms, optional hydrogen may be replaced by fluorine, and optional -CH 2 - may be replaced by -O-, 
-CH=CH-, cycloalkylene or cycloalkenylene; in the substituted or non-substituted phenyl, optional hydrogen on the 
benzene ring may be replaced by halogen, methyl or methoxy; in phenyl of the substituted or non-substituted 
phenylalkyl, optional hydrogen on the benzene ring may be replaced by fluorine, alkyl having 1 to 4 carbon atoms, 
ethenyl or methoxy; in alkylene of the substituted or non-substituted phenylalkyl, the number of carbon atoms is 
1 to 8, and optional -CH 2 - may be replaced by -O-, -CH=CH- or cycloalkylene; when the phenyl has plural substit- 
uents, the substituents may be the same group or different groups; and the functional group is a group defined in 
the same manner as the functional group described in claim 13. 

19. The silsesquioxane derivative according to claim 12, wherein all of R's in Formula (1) described in claim 1 are the 
same group selected from the group of alkyls having 1 to 8 carbon atoms, the group of substituted or non-substituted 
phenyls, the group of substituted or non-substituted phenylalkyls, and naphthyl; in the alkyl having 1 to 8 carbon 

55 atoms, optional hydrogen may be replaced by fluorine, and optional -CH 2 - may be replaced by -O-, -CH=CH-, 

cycloalkylene or cycloalkenylene; in the substituted or non-substituted phenyl, optional hydrogen on the benzene 
ring may be replaced by halogen, methyl or methoxy; in phenyl of the substituted or non-substituted phenylalkyl, 
optional hydrogen on the benzene ring may be replaced by fluorine, alkyl having 1 to 4 carbon atoms, ethenyl or 
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methoxy; in alkylene of the substituted or no n -substituted phenylalkyl, the number of carbon atoms is 1 to 8, and 
optional -CH 2 - may be replaced by -O-, -CH=CH- or cycloalkylene; when the phenyl has plural substituents, the 
substituents may be the same group or different groups; and the functional group is a group defined in the same 
manner as the functional group described in claim 13. 

20. The silsesquioxane derivative according to claim 1 2, wherein all of R's in Formula (1 ) described in claim 1 are the 
same group selected from the group of substituted or non-substituted phenyls, the group of substituted or non- 
substituted phenylalkyls, and naphthyl; in the substituted or non-substituted phenyl, optional hydrogen on the ben- 
zene ring may be replaced by halogen, methyl or methoxy; in phenyl of the substituted or non-substituted pheny- 
lalkyl, optional hydrogen on the benzene ring may be replaced by fluorine, alkyl having 1 to 4 carbon atoms, ethenyl 
or methoxy; in alkylene of the substituted or non-substituted phenylalkyl, the number of carbon atoms is 1 to 8, 
and optional -CH 2 - may be replaced by -O-, -CH=CH- or cycloalkylene; when the phenyl has plural substituents, 
the substituents may be the same group or different groups; and the functional group is a group defined in the 
same manner as the functional group described in claim 13. 

21 . The silsesquioxane derivative according to claim 1 2, wherein all of R's in Formula (1 ) described in claim 1 are non- 
substituted phenyls, and the functional group is a group defined in the same manner as the functional group de- 
scribed in claim 13. 

22. The silsesquioxane derivative according to any of claims 1 to 21, wherein at least one X in each of Formula (a) 
and Formula (b) is a polymerizable group. 

23. The silsesquioxane derivative according to claim 22, wherein the polymerizable group is a polymerizable double 
bond, epoxy or a group having an oxetane ring. 

24. The silsesquioxane derivative according to any of claims 1 2 to 21 , wherein at least one X in each of Formula (a) 
and Formula (b) is a group having 2-oxapropane-1 ,3-dioyl. 

25. The silsesquioxane derivative according to any of claims 1 to 21 , wherein at least one X in each of Formula (a) 
and Formula (b) is alkyl halide. 

26. A polymer obtained using the silsesquioxane derivative defined in claim 22. 

27. A polymer obtained using the silsesquioxane derivative defined in claim 23. 

28. A polymer obtained using the silsesquioxane derivative defined in claim 24. 

29. A production process for the silsesquioxane derivative defined in claim 1 , characterized by reacting a silsesqui- 
oxane derivative represented by Formula (2) with a silicon compound having at least two chlorines: 



wherein in Formula (2), R is the same as R in Formula (1) defined in claim 1 , and M is a monovalent alkaline metal 
atom. 
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30. The production process according to claim 29, wherein the silicon compound having at least two chlorines is a 
compound represented by Formula (3): 



w 



30 



35 



40 



45 



50 



55 



X 1 X 1 

C, ~| i ~ Z )n~r C, (2-n) (3) 
X 1 X 1 



wherein in Formula (3), n is 0 or 1; Z is -O-, -CH 2 - or a single bond; each X 1 is a group independently selected 
from hydrogen , halogen, the group of alkyls having 1 to 45 carbon atoms, the group of substituted or no n -substituted 
aryls and the group of substituted or non-substituted arylalkyls; in the alkyl having 1 to 45 carbon atoms, optional 
15 hydrogen may be replaced by fluorine, and optional -CH 2 - may be replaced by -O-, -CH=CH-, cycloalkylene or 

cycloalkenylene; in alkylene of the substituted or non-substituted arylalkyl, optional hydrogen may be replaced by 
fluorine, and optional -CH 2 - may be replaced by -O-, -CH=CH- or cycloalkylene. 

31. The production process according to claim 29, wherein the silicon compound having at least two chlorines is a 
20 compound represented by Formula (4): 

ci 

25 X 1 — Si— CI (4) 

CI 



wherein X 1 in Formula (4) is defined in the same manner as X 1 in Formula (3) described in claim 30. 

32. The production process according to claim 29, wherein the silicon compound having at least two chlorines is a 
compound represented by Formula (5): 



CI CI 

I 

,i— X 1 (5) 
CI CI 



X 1 — Si — Z Si— X 1 



wherein Z and X 1 in Formula (S) are defined in the same manner as Z and X 1 in Formula (3) described in claim 30. 
33. A silsesquioxane derivative represented by Formula (2): 
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O 



O 




O 



O 



4M- 



(2) 



wherein in Formula (2), R is the same as R in Formula (1) described in claim 1 , and M is a monovalent alkaline 
metal atom. 

34. The silsesquioxane derivative according to claim 33, wherein R is defined in the same manner as R described in 
any of claims 2 to 11. 

35. A production process for the silsesquioxane derivative according to claim 33, characterized by using a silicon 
compound represented by Formula (6): 



wherein in Formula (6), R is the same as R in Formula (2) described in claim 33, and A is a hydrolyzable group. 

36. The production process according to claim 35, wherein a monovalent alkaline metal hydroxide and water are used 
to hydrolyze and condense the silicon compound represented by Formula (6). 

37. The production process according to claim 36, wherein the monovalent alkaline metal hydroxide is sodium hydrox- 
ide or potassium hydroxide, and alcohols in addition to the alkaline metal hydroxide and water are allowed to be 



38. The production process according to any of claims 35 to 37, wherein A in Formula (6) according to claim 35 is 
chlorine or alkyloxy having 1 to 4 carbon atoms. 

39. The production process according to claim 35, wherein R in Formula (6) is defined in the same manner as R 
described in any of claims 2 to 11 . 



A 



R— Si— A 



(6) 



A 
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